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1.0 INTRODUCTION
The Demonstration Bulk Vitrification System (DBVS) will be used to demonstrate the
bulk verification process on low activity tank waste. Waste is retrieved by a Single-Shell
Tank Waste Retrieval System and then delivered in batches to the DBVS Waste Staging
Tanks. The liquid waste is dried and then transferred into a process system including an
in container vitrification station (ICV box). The ICV box is ventilated by an Off Gas
Treatment system (OGTS). The OGTS has an emergency backup exhaust system, the
OGTS Bypass system, which is connected to the ICV box through a piping connection on
the main OGTS ductwork. The OGTS bypass system consists of HEPA filters, fans, air
bypass filters, valves, heaters and piping. When required following a loss of normal flow
to the ICV Box, the OGTS bypass system is automatically valved in, to provide a
negative pressure at the ICV box and transfers the process gas to a HEPA filter and
finally into the main OGTS exhaust stack.

1.1 Purpose

This calculation provides a thermal hydraulic assessment of the OGTS Bypass System.
The OGTS bypass system air flow rates, system pressure losses and temperatures are
determined during its expected normal operating conditions.

1.2 Scope

The scope of the calculation is limited to the determination of the system flow rates,
pressure losses and temperature in the piping and components from the ICV box to the
OGTS exhaust stack. This analysis will determine the fan/system operating point; assess
the operating pressure in the ICV box (insuring a negative pressure is maintained in the
ICV Box) and predict the temperature of the piping from the ICV box to the OGTS
exhaust stack for normal flow conditions as specified in Section 2.1.

2.0 Basis

2.1 Design Inputs

1 Component and pipe lengths are derived from the project drawings listed in the
reference section and contained in Attachment 1 of this report. The Bypass
system ducting is schedule IOS (8 inch and larger) and schedule 40S (6 inch and
smaller), stainless steel pipe, A312 type 316L with surface roughness as specified
in Crane 1988.
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2. The process conditions for the ICV box are as defined on the DBVS process flow
diagram, F-145579-00-A-0021. The ICV Off-gas Exit Temperature is listed as
875 *F.

3. The maximum ambient temperature I15'F, HNF-SD-GN-ER-501.

4. A nominal air flow of 750 acfln was specified based upon a preliminary
engineering assessment of commercially available fans suitable for the OGTS
Bypass system

5. All isolation and control valves were assumed to be Keystone butterfly valves,
with the Cv flow parameter as provided by the manufacturer (See Attachment 4)
for each size of valve and its relative open position percentage.

6. The HEPA filters were assumed to be Flanders filters with pressure drops
provided by the manufacturer for similar applications (See Attachment 4). Clean
and dirty filter pressure drops were utilized for the various parametric models.

7. The fan characteristics were as provided by the manufacturer for a New York
Blower Company Model 1508 (See Attachment 4).

8. The pressure drop characteristics of the Back draft damper were as provided by
industry test data (See Attachment 4).

9. The flow loss coefficients for the standard piping components of the system were
determined using the ASHRAE Fundamentals (Attachment 5). The ASHRAE
duct fitting flow loss tables were utilized to calculate these loss coefficients for
standard fittings, including elbows, wyes, transitions and miscellaneous fittings.

10. The site elevation at the 200W area location for the DBVS of 662 feet was
utilized to determine the local atmospheric pressure.

11. The flow loss coefficients were added to the pipe loss model within the AFT
Arrow model for each pipe segment as required by the physical layout.

12. A main input to the flow model was the heat transfer boundary conditions. The
AFT Arrow model requires an input for the external heat transfer coefficient for
the pipe system being analyzed. The external heat transfer coefficients were
calculated from standard correlations found in the Holman, 1990. The simplified
McAdams air correlations, found in Holman, for natural convection from a
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horizontal cylinder was used. In addition, heat transfer by thermal radiation from
the pipe external surface was accounted for by using methods defined by Holman,
1990. A combined convection and thermal radiation heat transfer coefficient was
an input parameter for the AFT Arrow flow model. The calculation of the
external heat transfer coefficient is contained in Attachment 3.

13. The pipe internal convection coefficient was calculated by AFT Arrow using the
standard Dittiis-Boelter correlation for forced flow. The thermal properties of
stainless steel were provided for by the AFT Arrow database to calculate the
conductive heat transfer through the pipe wall.

14. The ICV box and the OGTS bypass system were given an arbitrary elevation of 0
feet relative to the project site elevation. Elevation changes and thus air density
changes have third order effects on the results of the analysis, and therefore were
neglected.

2.2 Assumptions

1. The process fluid was assumed to be dry air with temperature dependent
properties that are accounted for by the fluid flow modeling software database of
properties, including non-ideal gas behavior.

2. For the condition where flow from the ICV box is through the Bypass system, a
nominal mass flow split of 60% through the air inlet bleed path and 40% through
the ICV box is to be utilized in the flow model. This will configuration will
match the normal OGTS flow through the ICV and is anticipated to produce a
vacuum at the ICV box within its normal operating range.

3. Worst case ambient conditions were assumed for conservative prediction of the
heat loss from the bypass piping. An ambient temperature of 115 *F with no wind
was assumed for all external heat transfer effects.

4. The thermal emissivity of 0.6 was assumed for the stainless steel piping, no
piping insulation was assumed. The emissivity chosen is conservative with
respect to "as received" or oxidized stainless steel piping typically used in
construction (Irwin 2000).

5. The HEPA filter pressure drops for dirty filters was assumed to be twice the value
of clean filters, for example, the main HEPA filter element has a clean filter
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pressure drop of 1 inch w.c,, the dirty filter pressure drop was assumed to be 2
inches w.c.

6. The ICV air inlet was assumed to be 60% open screen with a rectangular right
angle rain cap. The flow loss of this component was modeled using ASHRAE
flow loss tables.

3.0 References

1. AFT Arrow Compressible Pipe Flow Modeling, Users Guide, Version 3.0,
Applied Flow Technology, 2005.

2. ASHRAE Fundamentals, 2005, American Society of Heating, Refrigerating and
Air conditioning Engineers, Inc. Atlanta, GA.

3. DBVS Drawing F-145579-00-A-0021, Rev. 0J, "Full DBVS Feed Preparation &
Melt Process Flow Diagram."

4. DBVS Drawing F-145579-00-D-0002, Rev. J, "Bulk Vitrification Site Layout
Plan."

5. DBVS Drawing F-145579-00-D-0008, Rev. D, "Bulk Vitrification Off-Gas and
Elec. Trailers GA."

6. DBVS Drawing F-145579-35-A-0l 00, Rev. P, "Bulk Vitrification ICV Box
P&ID."

7. DBVS Drawing F-145579-36-A-0108, Rev. F, "Bulk Vitrification OGTS Bypass
P&ID."

8. DBVS Drawing F-145579-36-V-0001, Rev. H, "Bulk Vitrification Off-Gas
Treatment Plot Plan."

9. DBVS Drawing F-145579-36-V-0003, Rev. K, "Bulk Vitrification Off-Gas
Treatment Melt & Dryer Lower Plan"

10. DBVS Drawing F-145579-36-V-0006, Rev. H, "Bulk Vitrification Off-Gas
Treatment Wet Scrubber Skid Plan."
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11. DBVS Drawing F-145579-36-V-0007, Rev. H, "Bulk Vitrification Off-Gas
Treatment Scrub & Stack Plan."

12. DBVS Drawing F1145579-36-V-0028, Rev. K, "Bulk Vitrification Off-Gas
Treatment Melt & Dryer Section 'C'."

13. DBVS Drawing F-145579-36-V-0029, Rev. J, "Bulk Vitrification Off-Gas
Treatment Melt & Dryer Section 'D."

14. DBVS Drawing F-145579-36-V-0030, Rev. J, "Bulk Vitrification Off-Gas
Treatment Melt & Dryer Section 'E'."

15. DBVS Drawing F-145579-36-V-0031, Rev. G, "Bulk Vitrification Off-Gas
Treatment Wet Scrubber Skid Sections."

16. DBVS Drawing F-145579-36-V-0033, Rev. H, "Bulk Vitrification Off-Gas
Treatment Scrub & Stack Section."

17. DBVS Drawing F-145579-36-V-0034, Rev. H, "Bulk Vitrification Off-Gas
Treatment Scrub & Stack Sections."

18. Crane, Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper No.
410, 1988, Crane.

19. HNF-SD-GN-ER-501, Natural Phenomena Hazards Hanford Site Washington,
Rev. I B, Fluor Hanford.

20. Holman, J. P., Heat Transfer, 1990, McGraw Hill.

21. Idelchik, I. E., Handbook of Hydraulic Resistance, 1996, Begell House
Publishing.

22. Irwin, J.J., Thermal Analysis Methods for Safety Analysis Reports for Packaging,

WHC-SD-TP-RPT-005, Rev. 1, 2000, Fluor Hanford Inc.

4.0 Methods

The OGTS bypass system thermal-hydraulic calculations are performed using AFT
Arrow Version 3.0, with inputs provided from the MS Excel spreadsheets

Form EP 3.3-2F, April 2005
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(Attachment 3), manufacturer's data (Attachment 4) and selected ASHRAE
Fundamentals duct fitting flow loss tables (Attachment 5).

The AFT Arrow program was utilized for analyzing the one-dimensional compressible

flow in the OGTS Bypass system piping network. Temperature dependent thermo-
physical properties of prescribed fluids are accounted for in the AFT Arrow program's

database. Non-ideal gas effects can be accounted for in AFT Arrow by the use of a
suitable thermodynamic equation of state. AFT Arrow utilizes the Redlich-Kwong
equation of state to account for compressibility effects. The AFT Arrow program only

models steady state conditions.

The cases analyzed by the AFT Arrow model are listed in Table I for the selected fan

case. The major consideration is the operating pressure drops of the clean and dirty
filters. Clean filter pressure drops are as specified by the filter vendor per data in

Attachment 4. The dirty filter pressure drops are based upon past Hanford experience at

twice the as received filter pressure drop.

Table 1. Bypass System Selected Fan Cases.

ICy IJE11PA dBypassiUEPA~ ;ypasfmnlit> XCV/Iiiet' 1s4 Vaie ,
-- ivi t'.........

Fitet MFit osition(B-
Case 35-N0-0 , .t1/1) ( ON2-34)~ Flow4Ratio 9l-902)

No. conditioni CondbiinK Ctonditi&Pn % %7 I Open.
1 Clean Clean Clean 40/60 100
2 Clean Clean Clean 0/100 0
3 Dirty Dirty Dirty 40/60 100
4 Dirty Dirty Dirty 0/100 0

The second consideration for the parametric cases was whether the system was in

standby, i.e. no flow from the ICV box to the Bypass system but flow through the Bypass
inlet bleed filter. The initial case was for flow both through the ICV Box, with the main

OGTS isolated, and flow through the Bypass inlet bleed filter with all HEPA filters

having their clean pressure drops. The Bypass inlet bleed filter flow was set to achieve a

nominal 60/40 mass flow split between the inlet bleed flow and the ICV box flow.

AFT Arrow has been previously verified and validated on computer #DMJMH+N
102514. MS Excel is a general purpose spreadsheet program.

Form EP 3.3-2F. April 2005
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5.0 Results and Conclusions

The AFT flow model results are categorized by the assumptions on the condition of the
three sets of HEPA filters (ICV inlet HEPA, Bypass system main HEPA and Bypass
system inlet bleed HEPA) in the system and the assumption on the flow split between the
main bypass flow from the ICV box and the flow through the inlet bleed filter. The
HEPA filters are defined by the condition of "clean", i.e. the manufacturer's stated
pressure drop for new filter elements, or "dirty", the maximum expected pressure drop
during operation.

5.1 Results for the Selected Fan Cases

For a nominal flow of 750 ACFM at the fan and an 8 inch main bypass line with 875 'F
ICV outlet temperature, a fan was selected to achieve this flow rate with a static head
capability of approximately 15 inches w.c. A NYB fan, model number 1508 was
determined to be acceptable for this application. An evaluation of the selected fan was
performed. The following results (Tables 2, 3, and 4) were determined by the AFT
Arrow flow model.

Table 2. ICV Box Pressure with the Bypass System.

Case t 9tA /-940 %t ICY lnmPesr
No, %OpenInches w.c.

100 -5.4
2 0 NA
3 100 -5.3
4 0 NA

Note:
1) Inlet bleed valve position set to achieve a nominal 60% of full fan flow through the inlet bleed
filter when the main bypass line is open to the ICV box.

Form EP 3.3-2F, April 2005
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Table 3. Bypass System Air Flows and Fan Conditions.

1 344 517 13.99 3.2 617

2 0 676 15.76 2.6 807
3 277 1 428 1 14.25 1 3.0 1 582
4 0 1 635 15.79 1 2.4 1 758

1) Flow is at the Inlet HEPA filter, 36-NO2-010.
2) A nominal fan efficiency of 67% was assumed based upon vendor data (attachment 4).
3) Pipe Flow Velocity is the minimum velocity within the OGTS Bypass line.

Table 4. Bypass System Temperatures.

Case, "zc-V OutltTepTmpT ra

1 875 175 1

2 NA 115 1
3 7 169 .
4 NA 115 2

Note:
1) A Heat Transfer Ratio of I means there are no fins on the pipe for enhanced cooling.

5.2 Conclusions for the Specified Fan Case

The selected fan, NYB fan model 1508 (Attachment 4), will be able to achieve the

required flow rates through and pressure in the OGTS Bypass system. The expected

temperatures at the OGTS Bypass HEPA filters are less than 250 *F and therefore

acceptable. The throttled condition at the air inlet bleed valve, with a Cv value of 300 or

approximately 45% open, is acceptable for this valve.

Form EP 3.3-21, April 2005
A5-472

DMJM H&N AECOM

0



RPP-24544 REV Id
DMJM H&N f AECOM

Project Number: 145579
Page 11- of 12

6.0 Calculations and Analyses

The AFT Arrow model, as shown in the figure, considers the process loop as follows:

Pr11

The drawings used to develop the AFT physical model are contained in Attachment 1.
The AFT Arrow Input and Output Files for the various cases analyzed are in
Attachment 2. Attachment 3 contains the flow coefficient and physical configuration
input data for the AFT Arrow thermal hydraulic model. Attachment 4 contains the
manufacturer's data for the butterfly valves, H EPA filters and fans that may be used in
the OGTS Bypass system. Attachment 5 contains printouts from the ASHRAE
Fundamentals, flow loss coefficient tables.

0
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AFTArowna,10put (lot) 31252MIl0:22AM
DMM N-

AFTAreowMcdaf,0GTS8ypassSpemaT-H Mod.lCase 1 (Cei Fiters.NYU 1508; 1SFAmnbiewt,HT)

Tte: AT Aow Mode, 0GTS Byposs System T4f Model Case I (Clean ilters. NY 1508, 115 'FAIert. HT)
InpdtAfe: MADeonsrtionBelk, Vmniscal Year2006WorCAlculations\oGTS ypass ThermatHydraufi6Analysi\Wr kFiesiypass Flows
inch Pipe Rev I Case i.=

Mnarnb Of Pipes=25

Length March Scluuoi Method With Mach NumberUits
Length Step Sb. 12 Inches
Mach Number Incremnt=r0.01
Prescee Toterance- 0.0001 resove change
MassFlow Rate Tolerance= 0.0001 relaIve cage
Enthalpy Tclerance= 0.00t relative change
Flow Relaxauio= (Autonac)
Pressure Relaxadon= (Automafc)
Resistance Relaxadon= (Autonatic)

Field Database: AFT Standard
Fluld:Ar
Max Fluid Temperature 0a1a=1000 dog. K
Mi Fluid Temperature Data= 200 deg. K
MotecularWeight=28.97amul
Gas Constant =0.06555 BtutnmR
Critical Pressure =37.25 atm
Crical Temperalure=13.41 deg. K
Acertic Factor =0.021
EquatIon of Stal- Redlicht-Kwong
Enthialpy Model= Generalized-
Specifc Heat Redo Accuracy = High
AlnospheicPres.ure=14.3 pla
GravkationalAcceeradon= I g
Standad Pressure 14.696psla
Standard Temperture= 6D deg. F
Turbulent F10w Above Reynolds Number 400
Laminar Flow Below Reynolds Numbar= 2300

Rope oinpt Table

Pipe arn dpe Length Leng Hydraic Hyraic Friction Rouhness Roughness .. . osses (K) 1ni1Fow
Dermed - Units Diameter Diam. Units Data Set Uns

Pipe Yes 64__ O. ihs 6,065 . inches Unspedfied 0.00015 feett

2 Pipe Yes 104 Inches 6.06 inches Unspedfied 0.00015 feeti 0.21
3FEs Yes 163 inches! 4.026 inches Unsoedfed 0.00015 fast 1.635

4 P ijp e M.. mcincf pa* t .0-015 - eee ale
Pipe Yes 22 Inch 4.025 inche Unspediied.Q.0QQ15 !M I . 32

.-. P2ip Yes, 72 Inches i65 inches Unsoecired 0.00015 feet! D15
75 PMa Yes 1415 Inches - 5.047 inches| Unsoedfle 0.00015 teetl 0.47 _

Pip Yes 5 Inches 6.065 inches tnspeciied 0.00015 fret! 0.14
Pipe Yes 1 ines 0 inches Unspecifie 0.0001 feet 0

-. PJpe Yes -. noes 6.065: inches Unsoecied 0.00015 eLt 0.05
Ppe Yes inches 6..65 i ctes UnspedFried.. _......et 0.05

12 pa__Yes I2 inhes 6.065 indies Unspeciflhd 0,000'S - feet 1.227941

PoYes 251 inches 8.329 inches Unspecined 0.00015 feet 0.39
14 Pipe Yes 989 inches 6.329' inches Unsciied 0.0015 fee 0

15 Pipe _Yes. 275' inches &_8329- indhesl UnspeciiedO_00015_ ... (t 1.3212 e Yes 1. Inches 029 inches Unspecified 0.00015 feet 043
13 Pifr Yes 12 inches 8.329 inchest unspeIfied 0.00015 feet 0.11
18 Pipe _,_Yes 42 inches 8.329: ... . . . . . . . . .

-d1
19 Pipe Yes 12 Inches 8.329 incIe Unspecied 0.00015 feet 01
20 P.!0 Yes 54 inches 8.329: inches Unspcilied 0.00015 feet 2.04!

2 loe Yes 104 indes 1239: inches Unspedld 0.0015 feet 1.421
22 Pipe Yes __6 indhes 6.065
23 Pipej Yes. 268E inches L 6.065

Inches Unspecited. .00015

s !ian6*d 0.00015
feet 0..
fee-1 O.JtId

A5-494
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A5-495

AFTArrowa.otaput - 2o16) . 3j2SZ20OO0-2ZAMA
DMJMN

AFT AIw Model GtSBypssSysteanfT-H Model Case I (CleanFften NYS1508.115 FAmbientHT)

Pipe Name Pipe Lenge. Lenth HydrSiC. HydraulIc Frelelen Rooghess Ioughues. Lossns(K) Mnistl Flow
a ... .eind Uns Ote Ieipp.nUit at Set t Unisa

30. P Yesi . M.i -feet 5.047i Indes Usai'ed 0.0I5 lest
31 Real Ye__?t fgqj _4 . __i Is~ e!,0005!___fl..l~U~ PA}0 4L1 f29[. i tShmPd~d & - .OODISI rot

Pipe InbilaFloss Juptwore Geonetby Matedal Size Type Thermal AlblentTemp.
* UrIts (Up.0eren) Boundary

o1,2 CydHs 6w schedule40 Adabaltc
2,3 CY'MdraiFlopej Staness stee.! mi schedule 40 Adbatic

3 3 Qyli~nrialppe S sgseel C_4 inch .__ Adabtic
.5 Cy [A. InssSte ich scteduTe40 Adiabat.

5 5.6 CyiNddeal Pe-- Unsoedfied - Adiabatici
6 6.7. CyindrcalPipe Stainless Sleet BInj schedule40 GenealHeatTransfer 115

-, EI.S-aNrde . 4li enS.lee Bi .chadedule.4_ Geejeralxeatlransferi 115

75$.. Cyndad ipJ1 Stas let c dette 40 GeneralHeaTranosfer __115

9 9.10 CyedraIPIpt Sttntss Steel BInch schedule 40 General l-eatTransferI 115
1o 10,11, CylcaPipeStas Steel 6IndhIgpssche 54 Genwralfeatransfer

1  115
Cyrnddca~lie Stainless See6nch chaedule4 . General HeatTranser 15

2 12.11 CylindricaIPie StainlessSteel Betch schedule4O GeneralHea!Transar" 115
.. ..y...l..ipe S1ajessSPtee Birch schedule10 General-eatTransie 115

. .... ... YMgwP. aintesSlea Seh . ...ed.... v.9e!_eaanser _ 115
151415 _CytirdcajPipe. SWaless Seet 8inch schedulej _General Heat Trarsfer 115

16... C1r4ir.alfpe _aFesS Stel irch schedue10 General -eat Trans1er1 I5
17 1 C AcatPip Stanlesste SAnch[ scheduile .. 10 eneratalTanfer 5

.. 1... 1Z~j8 Cinetipe 1 Stainless Steel 8,' schedule 0 . GeneraiHeat Tranfer 115
19.-- - - 1 h gyin ,pe.tiles.Ste Bind scdule 10. GeaI HeatTransfer 115

.. 2. 19.2 CyrtdfalPipe Stainlessta Bin c hedule10 Genera HeatTransf 1151

.. 2L 2cy!.mimRaite l&AJss,~ 2- i.0 sag2 - 22,2 CylndrimaPlpe. Slnlesshlee Sinch sdhedule4_0__ _Ad(ibatic

_ .2313 CykIdkrelPipqe.§Sjis Stnctjsdte40 Adiatatic
... 0 .. ,30: Cyfricaipe .StaintessSteel 5inch schedule40 Adiabatic

- 14. _Cytind i ss ainchl schedulO A<bati

Pipe Ambient Temp. Special
Units Condin_

I None
2 None
3 None

4 None
5 None

6 deq. None
7 F None

8 de.F; None
9 den F None
10 deo.F None
I i de. F: None

12 deg, F ot
13 .dog. -None

14 deq.F None
- 15 de.F None

16 de.F None,
17 de.F. None
18 de.F. Nont
19 deoF None
20 g None
21 None
22 None-
23 - none
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A5-496

AFTArraon.Input (30o1) 3/25200810-.22AM
DMJMH+N

AFT Amo Mode . OGTS Bypass Syste T.8Modal Case I (Clean Fiers NY O1508, 115*F AMbient, ST)

. Pipe Ambinart Temp. Special

30 - - Nonet

.. None

P pe aoss Table -__ _ -ilra Sin
Pp 1WTotal Standard Mitre Smo Cyr Gat Globe P s Vae

.L s-ons ed eds n aes _V. s__ales Vle le a s Vle

12 1.23 - 110.1311 7 - -- -aa .'

13 0.11.--
17T 1.32
21 1.42-
22 O.N4

PMe hee-U. y Swing Chek U,1C=ec TMt~s tpheelk Shamp-edged L Contracklons Expanslons
Losses V s as V:A3s Chk v &VP.ve -ylinbce O bI e Pl ope

12. .
13

22
23 - --

Pipe Etreans Sing Cffeenat HeneyoTt i Stop Tee Ad r e ons

Losses: - Vave Val e les hc~le ave rc rfc

12 0i

13 - _____ (____________11)__________

15 1 11 (012)

21_A2

23 1(..04) )

Area Chonca Table ,,. .

Area Chmna IName Objeel Eirevalie Meaion nimbialPressure Intal Pressro atabase Typo Geomeay
Defined UNiM nt Soea

P 3 r ac es 0 .. _een .o dd a rLaoss
4 Area Changel Y as 0 Iee Coj xpornslon

LAsrs chane Y.. 0 fFwtne Cn r

T Ar -hng . .Yes 0 !10 _. _.__Cnca 1trci

Area.Ch.Nge Anle Loss

-3 2V. 0.43R9
4 . 0.1 2
S 2.1 0.4404
7 28. i 0.1241

CMpesr/Farn Table
A perarFan Name Object El evation i til Pressure InifaPressure Database Spe Cnal

___ined __Units Unitsc odton
17 N31-13e Yes. 0 feet on

Comprs Ar ahan gr Yesgn 0I. feslt I rcent . deEepasent Ind.oVarianle Mp nn
5 TAC Pe ,a, 0 Rat. Uonis Cofilratic Var;e . UniCo Varble

17 Ae C ImphanFg e _ Ye [-__....... .. .VO.... lRae .. . rni.... CM r sr ssin
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AFTPdow3.Ojnput . -(Sofl) 325/2006 10:22M

AFTAnroniAModeL OGTS BypasSyslemT-HModlCasse (CnflersNY 1508, 115'FAbient T)

Tank I Te&mea;tire a alance 1 (Reeml) (Ppe2) (neem) (Re4) s(Pipes ) (Pipe#8)
Unhl _E!g iCa c~cen tiK .Ot! JKlK.u. In101 K li._O Kntku 313

1 dF Not Nol P10-

.21 . e1  . No0 No m oo2. . .
21 des.F1 N Na' (P2i}0,01

Tark (Ppe#18) (Ppe#17) (Pipe#8) (Pipe #19) (Pipe #20) (Pipe #21) (Pipe #22) (Pipe #23) (Ppe #24)
Ki.. A Kn fstKuilo in O4 I'K t tKOnt KinKOut tr (in K ul

20 ... .

KinK~* 1u. F i
21

Tee or Wy.Table
TeeorWye Name Object Elevallon Elevation IniialPessle - nilalPrssure Database Teemysa Lo

Doined i Units Units Sour.e I Tyae I"
8 TetorWe- Yes 0 feet I Round Straight Del

9 TeecorWe Yes 0 feet . Rotndsttaiht Dert

1.1 Teeo)ye Y~ leeft .. Rcnorbgie

13 Tee-or Wy Yes 0 feet RoundSirai. De:
14 Tee orWei Yes 0 feet oundstraigh Del1

lee Of An gle Pipes

A, ,

a 135
9 15O

12 . 30.

13 . 45:
.14 .135

Valve Table
Valve Name Object Elevation Elevation Initial Pressure initial Pressure Database Special Exil Exit

. ef. - . ._.ams _ Unit. . Units Sokuce Condition Valve Pressure
10 HV-901 Yes feeti None. No

2 H 902 Yes] - ---- _ e- No
12 . . -.. None: No

is V3-166~ Yes[ ---lee-
29 V-167I Yes 0 feet Non No

23 V-178 1  Yes 0 feet None No.

alve t CdM A Loss Loss tnuepenent tend. Varial Dependent Dp.iab Los
Pressu ni nts Model Vaue Variable Units Variable nits Costa

10 CVQn: 1194
2~7 Cl~gant ---4

- Cv Constant 2440 -

19 4-- C.onstant 244011 - ------

23 !CvConstgan 300.

s
It

ailed
ailed

sued
ailed

nea-

0
A5-498

Tanki (Pipe#7) (PIpe#8) (Pipe#9) (Pipe#to) (Plpe#I1) (Pipe#12) (Plpe#13) (Pipe#14) (Pipe #15)
-KAyOt K tn.KOut K InKOut KIn KOW LKlnK i.Kt I K E..OUt I KOut K M _O

t ~ -!Q I 1 J__ A k____K~ -- pI__ _I_ _ __ _ _ _
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A5-500

AFTArrow3.0OutfpU -(5) 3252006
DMJMH+l

AFTArrow Model. 0GTSBypass SystemT-H Model Case i (Clean flers, NYB150.115' Anbleert IT)

Tie: AFTArrowModaOGTS ypan System T-H Model Case I (Clean Filers. NY 1508.115 F AIbient, T)
Analysis nmon: 3252006 10:12-56AM
Application version: AFT Arrow Veoslon 3.0 (2005.09.14)
Input File: L emonsiralonurkVIFscal Year2006 Work\Calclations\OGTS Bypass TenatHydraucsAnayssWork FiesByposs FlowS
Inch Pipe Rev 1 Vase lar

Execution rfme= 1:46986 (109.86 seconds)
Total Number O Pressure Iterateionsa 573
Toa larNebr Of Flow erafions= 195
Total Number Of Enthalpy Itaralions= 195
Number o Pipess 25
Number Of Junctons 25
Mauid Melhod= Gaussian Einaacn

Lengthi March Solution Meland wTh Mach Number Umits
Lenglh Step Size- 2 inches
Mach Number Incremene= 0.01
Pressure Tolerance= 0.000 relative change
Mass Flowaot Tolerence= 0.0001 relativechange
Enthalpy Tolernce* 0.0001 relative change
Flow RetxaitionP (Automatic)
Pressure Relaxation= (Aulonale)
Resistance RelaxatOna (Autoralic)-

FRuid Daabase: AFT Standard
Fluid: Air
Max Fluid Temperature Data= 1000 dog. K
Min Fluid Tenperatur Data= 200 dg. K
Molecular Weight =28.97 ant
Gas Constant =0.00855 Bhilbm-R
Critical Pressure 3725 an
Critical Temperature =132.41 dfg. K
Acentric Factor =0.021
Equation of Slalev Redlich-IKong
Enthaipy ModeN Genieralised
Speific Heat Ratio Accuracy = High
Aunosphe'ic Pressures 14.3 psia
Gravitailonal Accelerationa= 1 g
Standard Pressura= 14.696 psla
Standard Temperalure= 0 deg. F
Tutbulent Flw Above Reynolds Numbr= 4000
Laminar Flow Below Reynolds Number= 2300
Total Inowa= 0.9635 Ibi/sec-
Total Outflow= 0.9635 Ibmlsec
Total Energy tnflov= 273.2 Buts
Total Energy Outlowa 210.4 Bluds
Tolal Heat Transferred Into Systema -62;79 Btuls
Maimum Pressur is 14.35 psia at Juncion 17 outet
Mirnium Pressure is 13.84 paia at Junction 17 Inlet
Maamum Static Temperature is 875.0 deg. F at Junction 6 Outlet
Minimum Sfatic Temperau.re is 115.0 deg. F at Junction 23 Outtiet

Comr-essor/Fan Sumnar,
Jul Name Mass I Vol 05 OP Overal Speed Overall Comp. SEP .EP

Flow Flow Sag. Static EPiciency Power Ratio 0 Mass
( ) (.. 3min)] (inH29syd.) (in. .2?Q3)d.L(Ercent (Percent)_p)_.(Pefcent) (tI/sec) .V5C)

17 N31-130; 756.8i IBO.2 13.99 11.99 67.40 100.0 3.l57 103.6 NA NIA

Jet %of
SEP

- (Percent).
17 N/A

Valve Summery
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0
A5-501

AFTAnmv3.00eutt (2W5) 3/2512006
OWWMI+N-

AFT Anow Model, OGTS Bypass System T-H Model Case1 (Clean Fihees. NYU 1508,115 FAMnblent. HT)

Jet Nam Valve Mass i Sag DPStat PStae I K Valve Cv Cv
Typ FlwInlet Slade Est.

.*J AeL....Q!!i......_ o) (P L e!t!L;.
S10 HV-001! REGULAR 0.31221. 073 0:0071437 1406 0 Open W.194. A
12 HV-902 REGULAR 0.07260 0.000421 0.0004217 14.00 09519 Open 1.194.0[ A

151 V-166 REGULARI . 0.0091573 0.0091650' 13.96. O.m7 Open 24400
19 V-167 REGULAR 0.96353 00090172 0.000245: 14.33. 0.7770 oen 2.44.0 WA
23 V.-7 REGULARI 0.57869 0.1841163 0.1842918 1426- 13.7426 Open 309.0 NA

Heat ExdCanoer &mmar
J NaMe. Mass I Po P OT T T Heat

F. w L:ss- Iret 0.Juet Rate In

Prop 0./out Tabe _____________ 760__ 1)_ _114A___874._____ _____

PimOultutab

Pipe Name Mass VoL. V.I Ve. MarJ MOC dPStag. PSag. PStag.out
Flow FowAvg. In Out #n #FOut Total In
(sfr) (3miAn) e (3432i) . _ __ n. -20 s.d.) On. H20 sod.(9)) (9 n 20 aId jg))

I Pipe 302.28 344.0 28.55i 1.715.4 0.024385 0.024417: 0.5149788 0.0000 J, 49877
2 Pipml 302.28 _34_4_9 2.. 1,719..P A:45...A4471 0.0918134 -12859 4:n377 64
3 sF6s 30228 3483 65.12 3.92,2 0.056627 0.055921 2.0711608 -1.4500 -3.521116021

.4 Pro4 30228 1 3470 28.82 1,729.2; 0.024613, 0.024616: 0.0480714 -3.6533 -3.70133734

.5 Pp1 302281 347.6 85. 3 386.0! 0.05698 0.056034. 0.3658546 -3.7741 . -4.33991928
P0.037888 0.037178 0.1455076 .54202! -5.565693861

7- PipI 302.281 7563 93.70 5.265.6 0.053743 0.052032 0.7659742 -5.6118i -6.37778568
7 Ppl 302281 7300 60.73 3.633. 0.036001 0.035952 0.0554101 .6.3778! .. 43319607
9 PIpl 24524 1 5095 49.12 2,929.0: 0.029159 0.029074: 0.0078931 .6.4177! -642559338-

10 pRpe1 245.241 586.8 48.86 2.918,4 0.029088 0.029024 0.01731731 6.6205; .5.637783051
1 Pipc 57.031 137.0 11.42 680.4 0.006781 0.008757 0.0009239 -6.6374 -6.63031091!

12 Pipe 67,035 1356 11.34 _671.4 0.06757 .00710: 0.01557.iM _ 46500 .66658027
13 - Plel 302.28i 681.0 31.72 1.696.8: 0.018944 0.017873 0.0898071 -6.63831 .6.72811794!
14 Popl 756.e5) 1.078.0 51.5 2.606.4 0.035125 0.035055 1.77425871 -6.74961 -8.523839001
15 -PpeL 756.85 979.8 43.44- 2.572,8 0.035055 0.034856 0.6301547 -8.5238 -9.15399361!
N Pi 756.85 973.9 42.91: 2.573.4 0.034879 0.034877 0.15311041 .9.40751 -9.56058025;
17 Pipe 756.65 980.5. 43.20 2.690.8 0.035128 0.035122 0.0446396 -12.31291 -12.35751152,
18 Pioe 756.85 959.6 42.32 2,533.2 0.034153 0.034119 0.06449111 1.62941 1.564867141
19 Pjpe_ 7566.85 9... . 42.25- 2,533.8 0.034142 4034133 0.0082 1- 128380406

20 Pip 756.85 947.7 42.25 2.474.4 0.034153 0.033782 1.0342342 1.0342, -0.00002640
21 Pipe 454.56 516.8 10,29 617-4 0.0087841 0.008785 0.0338955 0.00001 -0.03389547
22 Pipe 454.56 518.1 43.04 582.M2,4 0.036755 0.036758 0.0218578-0. 7481 .. 76995034
23 Pe 454.56 525.2 43.60- 2.619.6 0.037239 0.037291 0.5467624- -. 8664 -6.41318607

30 .Po 0.00 0.0 0.00 0.0 0.000001 0.00 0.000000 .6.37781 -6.37778568
31 -Pro_ 0.00 0.0 0.00. 0.0 0.000000 0.000000 0.0000000 -8.52381 -8.52333900

Pipe P Soatic P Selatr dTStag. TStag. T Stag. T Stai TStaic dH Sa9. IIS7ag. H Stag, I
In leOut Inlet Outlet en Ot n Out

(in. H20 sld. (l (in. H20 std. fo) (den. F) (deo. F) (deg. F (de. F) (do.F) (BIUb) tBltIAbm) 1l8tubun)

. . -0.1364 -.07883 0.0000000 115.0 115.0 114.9 114.9 . 0.00000 206.1 2001,
2 . 1.4501.1 -,541_8 70.00006104 115.0 115.0 114.9 -14.9. 0.00000 206.1 206.1
3- .2.29745 -4.37310 .0,00164795 115.0 115.0 114.7 114.. 100000 206.1 206.1
4 -3.81844 664 .g 114.9 114.9 0.00000 20.1 206.1

S1 j00000 1 . .115.0. 1141.: oD 0.dd-4.62744 .4.99412 .. 0002441 1150 115.0 14.6 114.6 0.00000 206.j 206.1
6 -5.805971 Z5.93728 .49.8715820 82. 874.6 825.1 -1.2.3 4 . 381.4
7 -t.8769 -7.10445 .83.70727539 825 741.7 824.7 7411 -20.88008 381.4 . 360
8 -7 75g -6,78011._-#20 741.71 7 38.2 74.1.4 7n7.9 -0.1172461 360.51 359.7;
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0*

A5-502

AFTAncw3.00utput (Sot5) 3125)2006

AfT Mrowodel.OGTS BypassSysemT-RModettas. I (Clean Filtees.Y150115*FAmblent. HT)

Pipe PSalic - PSIam dTStag. T $Mg. TStag. TSaiC TSta dHStag. HStag. HStag.
in Out et Owe In I n 1.

-. .. .sd..(g_.f. ji2s (g)).. _(d )___( l (d I(?_ s.. F a gs @ .FL _(B..t_!@L (48bi nL .(Stuflt

9 .6.64610 -6.65265 -6.9620998732731.2 738.0 ..731.0-..1_ _ 7 4_ .

10 .6.84765 4.8396 -5253417971 731.2 720, 731.0 725.8 -1.30798 357.9 358.6
I -6.84974 -6.65069 -8.46142578 738.2 7297 738.2* 729.7 -2.10707 359.7 357.6

... 66228 - 48.67767 16.56591797 729.71 713.2' 7297 713.2 -4.12364 357.6 353.4

13 -8.73469 6.81404 128.8505859- 723.6j 594.91 723. 594.8 .31.90418 356.0 324.1

14 -7.14175 -9.85440 .123.26121521; 307.6 184.3i 307.4' 184.2 -30.19798 2532t 223.0

-8.8440 9.48030 -9.26177979 1843 175.0 184.2. 174.9 -2.26422 223.0 [ 220.7

16 -9.73399 -9.88694 -055598924 175.0 14.5 74.0. 174.3 -0.13588 220.7 220.6
-12.64158 .12.68609 -0.36773682 7174.5 174.1 174.3 174.0 -08988 220.6 220.5

18 -1.30735 1.24357| .148486328 184. I82.8 184.0i 182.5 0.36305 222.9 222.6

19 0.97056 0.96248- 0.4183349: 182.6 182.2 182.51 182.1 -0.10228 222.6 222.5

- 0.71268 -0.31385 -16.99127197 182.2 165.2 182.11 188.1 -4.15319 222.5 218.3

21 -0.02125 -0.05515 0.00036621 1115.0 115.01 11.0 115.0 0.00000 206.1 206.1

-1.11905 -1.14094 -0.00006104. 115.0 115.01 114.8: 114.8 0-00000 206.1 2.1

23 -. 24228 -6.78955 ._-0.048l28. 115.0 115.0 l14.8! 114.8 0.00000 206 1 2061
,30 .637779 -6.37779 0.00000000' 7413 741.7 741.7 741.7 0.00000 360.5 360.5

31 -8.52384 -8.52384 0.00000000' *184.3 184.3 184-3, 184.3 0.000mo 223.0 223.0

Pipe HStatic .2Staic I Rto aoStag. Heat Transfer Heat Heat

In Out Stagin Out - Model Rut Rate
Btulbr) (ltuffbr) (Robh13) (lbnt3) ff(tars-ft21 (Bluts) -

I 206.0 206.01 0.08719 E 0.08711: AdIabatic 0.00000 0.00000
2 206.0 206.01 0.06698 0.06696 Adrabafle 0.00000( 0.00000
3 206.0 20.01 0.06595: 0.0660 Adiabatic 000000 0.00000:
4 206.0 206.01 0.06ES7 0.06657 Adiabatic 0.00000 .00000

5 208.o 20.0] 0.06555 0.06649 Adiabati 0.00000 0.00000
6 393.7 381.3] 0.02852- 0.02961 Gen1 HeatTran. 0.50078 -4.7

7086

7 381.2 380.4 0.02961 0.03161 Gael HeatTman. -0.51574 -0.03533

8 3605 359.6 0.03161 0.03170 Geal Heat Tran. -0.42291 -0.33575
.359 357-. 0 5
T-1Z 0.0318 GentHeatTran. -0.389791 F0.54155

10 357.9 356Sf 0.0187: 0.03200 Gan HeatTras.t.0.38578 -0.40837

- 11 359.7 357.6 0.03160 0.03190: GenlleatTan.I -0.19269 -0,15298

12 357.6 353.4 0.0190 003235i GantHeatTran. -0.188551 .0.29939

13 356.0 324.01 0.03207 003598 GenHeatran. -1.269701 2.30086
14 - 253.1 223.0 0.0494e 005860 Gen atTren .

15 223.0 220.71 0.058.8 005942 I Gen1HeatTra. -0.043271 -2.1818T

i_ 220.7 220.6G I0.05938 005941 GanlHeat.razt. 0.4003 -0.13092
17 220.. 220.51 0.05899 005901 GenlHeatTrun. -0.009721 .0.08660

1S8' 222.9 222.5 0.06022: 006034. Gent HeatTran -0.04584 .0.34982

19 222.5 222.4 0.050 0.0e034_ GntHe ant I -G04519 D.09855
20 222 218.3j 0.06030 .00176 G.11-Hat7ran.. 03905i -. 00171
21 206.1 208.1 0.08719 - 0.06719 Adiabatic o.oo00t 0.00000

- 22 208.0 208.01 0.08707- 0.087051 Adiabatic 0.00000 0.00000
23 206.0 206.0 0.06620. 0.06611 Adiabatic 0.00000 0.00000
30 360.5 380.5 0.03161 0.03161 Adiabatic 0.00000 0.00000
31 223.0 223.0] 0.05866 0.05866 Adiabatic 0.00000 0.00000

Jet Name MassFlow dP Stag. P Stag. P Stag. P Static P Static
Thru Junction Total In Out In CIt

- san. (in. 120sid.) fin.120sid.fq)) (in.H020 std.(,L o n.H2Ostd.(o)) fir.H2Ostd.jg))
. Man_. . . ATm res 322 .. _000 Ommm0 _ m.00 . O.0.00 w Uwe

2 $EPAFiltrN02010 302.281 0.77096 0.51498 -1.2859_ -0.67883 4I$1

3 AreaCharn 302.28 0.07220 -1.37778 -1.4500 -1.54198 -2.2974
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AFT3ow.0 ut (SoW5) 325r2OO5
DMJMH+N

AFT Aw Mode, OGTS Bypass SyssroMT-H Mode) Case I (Ciean Fltes, Y1T 0, 115 F AmbiWn. HT)

Jot Pip. Pipe dPStagTota.

SP7 In: 0.000'

PB 024 0.000,
- 9 -PS8 In 0.000~

P9 Ott .0.01539

P11 Out 0.204
- i1 PlO in S.167E.04
- P13 Out O.00&

P12 In -0.02727-
13 -P13 n 0.02147j

P14 Out 0.000:
PM in 0.334

14 P14 lh 0.000
P15 Wu 0.000-
P31 Out 0.000

A5-504
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A Anrow 3.0 Input (1 f ) .325/2008 :25 AM
DMJMH.N

AFT Arose Model, OTS Bypass System T4 Model Case 2 (Clean Fiters. NYB 1508.115 FAmble t,HT)

Tde AFT Axcw Model, 0GTS Bypass Systea T-H Model Case 2 (Clean Flters, NYB 1508 115'F Arnbent, HT)
Input ilk:M:fDemonsra on ulkV iscad Year 2006 WoldiCaicirations\OGTS Bypass ThermralHydrulics AFayois k FalesEypassFlows
InchPipe Rev I Case 1.ao

NunberofPipes =25
NulmberOf Jimcior=25--

Lengh March Solvton Method wIvh Mach Nmbe Ureits
Lengh Step Size= 12inches
Mach Nunberlnernement 0.01
Presss Tolerance 0.0001elalshe change
Mass Flow Rate Toerance 0.0001 relative change
Enthalpy Tolerance 0.0001 relative change
FlowRelaxation= (Automalle)
Peasntre Relaxeation= (Automatic)
Resistance Relaxation= (Automatic)

Flud Database: AFT Standard
Flui: Alr
Max Ruid Temperature Data= 1000 dog. K
Min Rid Temperature Dats= 200 deg. K
Molecular Weight =2.97 amiu
Gas Constant =0.06855 Btuilltn.R
Critical Pressure 37.25 atm
Critical Temperature =13241 deg. K
Acentric Factor =0.021
Equation of States Redlich4Kwong
Enthalpy Model= Generalixed
Spedic Hest Ratio Accuracy = High
Atmospheric Pressure, 14.3 psia
Gravitational Accleration= 1
Standard Pressure= 14.696 psia
Standard Temperelture 60 deg. F
Turbulent Flow Above Reynolds Numbefe 4000
Laminar Flow Below Reynolds Numbera 230

,PIpe Input Toslo

Pipe Length Length Hydraulic Hydraulic Frction Roughness F Rou!hns osses!(K) fitia Flow
Pe a Dened Units I DIameter - Diam. Units Data Set Units s

1 Pipe Yes 64 inches 6.065 inches Unsecified_ 0.00015t feel _.

2 Plpt: Yes. 104 inches i:s5. inches Unspecitied O.oooij feet 021
3 3 FEsl Yes 163 inchesj 4.026 Inchest Unspecied 0.00oIl feet 1.635

Pipe Yes. 39 inches 6.065 inchesi_ Unspecified 0.00015 . F
5 Pipet.Yes 22 inches 4.025 inches, Unspecified 00015 feet1 0.32
6 Pire Yes. 72 6nchesl.06 inchesi Unspecified. 0.000151 fee 
7 Pipe Yes 141.5 inches: 5.047 inchesl Unspecified 0.00015 fee 0.47 -

. e. Pip. Y..s 6 inches 6.065 inchesi UnspeciFed 0.00015 feet 0.14;
9 Pipe Yes_ 10,5 inches 6.065_ inches i. Unspecied, 0.00015 fee 0
10 Pipe Yes 8 inches 6.065 - inch Unspecfled 0061i feet O.C
11 Pipe Yes 6 inches 6.065 Inches Unspecified __0.00015 feet Q
12 Pipel Yes 12 inch .s 6.0U6s ies g ed 0.0001S let 1227941
13 Pine Yes 251 Inches a329 inches Unspecified 0.00015 feet 0.11
14 Pip. Yes 1969 inches 8329 incies Unspecified: 0.00,15 feet 0.77
1 Pi Yes 277,5 inchest 8.329 inches Unspecined 000015 fee _ 1.32

Pig Yes i nches 8329 inche Unspe led 0.00015 feetj 0.43l
1 QPi Yes 12 inches 8329 inches Unspecied 0.00015 feet 0.11

18 Pipe Yes 42 inches! 8329 inches_ Unspecified 0.00Q15 feet 0.11
10 Pipe Yes 12 inihesi 329 inches Unspecified 0000 feet I
20 Pi1 Yes 564 inches: z.329 inches Unseecified .00015 feet 2.04
21 Pipe[ Yes 104_ niches 12.39 inches .npeciefle4d 0.0-015 --. feet 1.42
22 Pipe Yes 6 iches Unspecified 0.00015 feet 0.04
23 Pipe Yes. 218 inches 6.06 inches Unspecified 0.00015 . feet 0.11

A5-505
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AFTArrowa.0 nput (2o15) WIS 25 1.MSAM
DMJMH.N

AFTnowModelj, OGTS BypassSyslern T Model Case 2(CleanFilers, NYB 1508, 11FjAmbiet.HT)

Pip. rin Pipe Lengle Lengt Hydraulic Hydraulic Fddion Roughness Roughness Losses(K) inItIaFlow

Dein_ed _lamelepa.Units D!sfU_. . _ _U .I_
01Yes 05 teet .04?I inds ped 0.00015 feet 0

.. ..--. .ea .fee . __ .3_ ... n _pe d -.-------ee .
Rhee NIe5Flow Junceons Geomety Material Size I Type [ Thermal AmientTemp

- n,01 Ilt~ n) r I "oudae

1 61, jidOlPpe *aoeOss See l onch schedule40 A!.ba .ic .

2 2,; Cyl4nddcalPiee SlalelessSleeii Sid schedlula4b Adlabalic

33 ~cgp~ StlriessSteel; 4 incl_ _scedle_40 Adfiabai

.4i.nglj4al Ppe Stanless Slee! _S6rIgI scedule _0 .dlba

5 5.8 Cvlndmrml~e Uonedfiedl Adiabatic

6 6,7' CvlindrcalPioe St4ne eeli nc schedule40 GeneralHeatTransfer 115
-. 7 -7 75_CAWAdAjtes!ER| ..- aggSeiSnme~i.qe- nL-H Tptner..

---- --- _---dda ig tanes te 6ic sch OdL 40 _Gene.,M-HilTmnnsfer ... ..
9 9.10i C.. nddtIL A*4esteel Sinai schedele40 GeneraHeatTransfer 115

8J0 10J1 .S~ndiaitPip _ StlniessSleeti Slonh schedute40 GeneralHeatTransfer 115

9..10 CNta- P1 S.essSteel Slch schedle 40 GeneralHealTansler 115

12 12. ylrdfA.Pip. StainlssSeel i 6-n" schedule40 GeneralHeatTrnls&r 115
I II. 13~ CyrindriaiPipe

4~I AliLft!dnpal Spo
15 14,JS CyIca Pipe

.... ......... -S
1...........1 6_. Cy~ndca.ipe

1 .. 16,17 CyndricatPipe

20 19,20; GyindcalPipe
2 2 2 Cyln !Pipe

22 22.23.GyidclPipe

23_ 28. 3 CyIndiaPl pq
.30. C nddcaiipe

,.14_J Cylindrical ipe
Pipe Anbient Temp. Spedal

Unit Coridifior
None

3 None
4 None

S None
6 deg.F None

7 deo.F None
8 de.F None

9 de. F None
10 de.F None
11 de.F None
12 droP None

- 13 de-F None
14 do.F None
Is deq.F- None-
16 de. F None
7 den.PF None
18 de,. F None
19 de.F None.
20 . deg.F. None
21 None

-22 None
23 None.

Stanless Steel S.nobh schedule10~ Generall-leatrransfer 115.
tainlessSteel .inch schedule10 Geneal-HeatTransfer- 115

StainlessSteel 8 inch schele 10, Ge lIealTransfer 115

Stainl4ss Steel S not' schedule 10 Genera~lNest Transfer1.

.SteInassSteel .Sinch . schedule 10. e reratTisa.s!erStW.stReo.1 Bn d.1.10 enG.gHeaT,.!fg 115
Sainless Steel 8 inc schedule 10 General Heal Transfer

StainlessSteel Binh schele 10 GeneralHeatTransfer 115

Slainless Sleet ,incti schedule tO Aener dHeattrnsf -1

StainlessStoe t 1nOil schedule4 Adiabatic

Steless Strut 6nch jschedole 40_ abat
Siles te Inc , I 40......... .. -

StailessSteel 5 inch i schedule 40 A i

StainlessSteel 8 inch I shedsle tO Adiabai

A5-506
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A5-507

AFTrrowa.01nput - (3016) 3J22303 1025AM
DMJMH+N

AFTuoMw Modet OTh Bypass System TM Model Case2 (Clean ters. NYE I8. 115*FAmbient HI)

Pipe Ambnentl emp. Special
* tilt Conditen

N'lone.

Pe.l Table -

Pipe KTota Stanided tie Smoom Angle 8at Sutedly Cylinder Gale Gobe Prop Poppet
Z______ ______ I Zm____ __________ W ___ s _______M 3as Gae paq iapr

Losse ends Bends .ends Valves Valves Vanesves Vales Vales Valves lvesj
12 1.23 1(0.13

.S 5 _ l[3 ... _

21 1.42 -
22 0.04 ________ _______ ___________

23, _O.11 -A ----~. -.. .----..........
Pipe Three-way SwingCheck Ut)Check rIlngDisc StopCheck Sharp.edged Long Contractons Expansions

Losses Valves Valves Valves CheckValves Valves Odlice . Orificei
12 -

15
21-
22- -
23-

Ppe Enm a ces Exls m wfbenciai ioneycmb screen Tee Ad Loss
55s$ FlowniaterL~. . .

12 - r1 -

13 (0.i)13 -..-............. (0.22)

21 - AA
.- - 1(0.04) .

23 - [0.11)

AreaChanoe Table........
AreaChange Name Object Eevaton Elevation IneaiPessure -nitialPressure Database Type Geormeby

Detited Units Units Source
. ..... .. .. A.ea C h g .. .. Ye s . . . _ 0 . . . . . . . . . . . . .. Cn. ta n s o n

4 Are. Change yes 0 fast .. .-... Cpnkoa1..__Expai.
5 Area Chane Yes 0 fee I Conical Contraction

Ar.eaChange Yes 0 Jel- Conical Contractonr

AreaChange mgle Loss
Factor

3 22. 0.4399
4 22. 0.1552

S22.1 0.4404-
7 283. 0.1241.

CoMre aor!an Table
CompressorFan Name Object Elevation Elevation Initial Pressure Initial Piessure Database Special

eed U tns Unils Source Condition

17 N31-130 Yes 0. reel None

CorpressorlFan trp Design Flow Design Flow current Independent Ind Van ble Dependent
Type Rate Rate Units Conoiqsaion Variable Units Vatiac

_j _Cm r _VolFiowRate ft3orrnin I.essure Los
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A5-508

AFTAnrow3.Otnput (4ofi) - 3/25/2006 IQSAM -
DMJMH+N

AFAmoWnModeLCGTSBypassSystersI T-H ModelCasa2 (Clean Flers NYl 150 . l1rF AvbientHT)

Dej.Varis&e CoMFan CUN. CornpianCwroCcmpFanCave -CoItampanCunve CompJanCurve
Un Its . Constant a Constantb _I Constant C Cnnd_. _Constante0 17 in. 2std 12.46429 2.571429E031 -2.215714E-06 l C

-Ccr-pessodain lIunout FljRunoutowiAddedPresa. Speed Contot Conold ContrnJM Comnpression
Rae Rate Type Dischare DischargeUs Exceedd Only Process

.. . .. .... '.-j .. .- .-- .- Adiabao -

Dead End Table
Dead End Nam. Object Elevation Elevation nItia Ressure Initial Pressure Database

DTMned -O- Units Units Sorce
S30 ToManOGTS Yes: 0 feet

31 - ToTrainSNEPA Yes! 0 feet+

General Conponent Table ---

General Component Name Object Elevation Elevation loial Pressure niNAPressure Database Special

.. Delired Units ns Sore Condton
2 .HEPAfllerND2-010 Yes C feet None
16 I HEPAFiter1361371- Yes O lena None
1 - BackdltafDamper Yes . 0 b eet} ---..... . _ None:
22 Heaten&HEPAFiher Yes 0 feet None

General Conponent Loss Less Independent lnd. Vanable Den- Dp Variable Loss
I Model Vae Variable Ut, Vaiable I Units Constants a

2 G PolynoIal Varlable Vol.owRate re ressure Loss in H20std.; .165517&17

6 . G ..raipalnmilat Variable Vol.FlowRate in Pressue s H st; 3.5344 17

.18 GeneralPoyyomisa Varable olglow Rate. 3rin Pressure Los2 -n.2_,std. TW37637-02
22 GeneralPotynoial Variable V owRae ft3min PressureLoss L ln.I2Ostd._ -1,4365685E-17

GeneralComponent Loss Less Loss Loss

ConsItb. ConstantC_ Constants Constanit a
2 0.00224 0 0 01
16 2.26666-03 0 -

18 _ 1.0371816-04 3.4eleE--0i C Or
22 0.00132 01 0- 0

Heal EsOhanoer Table
Neat Exchanger Name Object Elevation Elevation 1 InitialPressure iialPressure Database Special Type

amDeed I Units Units Source Condition

.. _ iCVPlenumn .Yes 0. re.. _. None

Net Eachonger Less Loss Independent ind. Variable Dependent Dep. Variable Loss tons Loss

Model - Value Variable Units Variable Units Constanta Constant a Constantr,
6 K Constant 1.5

HeatExchanger Loss d Loss
Constantd Colaane

6

Tank Table
Tank Name Object Elevation Elevaton l nitialPressure eiliatPessure Databose Pros I Pressure Temperature

I Deltined Units - Unlts Souce Un)is.

_Arm Pre Ye -- 4_. 'si r15 tn it;
20 AmPres Yes 0 lee .43 s 115
21 ArmPros Yes .. 0:4.3 . sd .. -1i . 1_15
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A5-509

AFT Ar'o MP.p (So6) 325006 1025 AM
DMJMHO

APTAnoMoDeL OGTS SypassSstem T-HMdel Case 2 (Clea FiltsNYS 1508.115 'F Ambient HT)

Tank Temperatuge Balance alanse (PilI (PpoN2) (Pipe#3) (Ppe#4) (FipeCS) (Pipe#S) I
UsIn.i.gitnStfl j. Kan.$0u. -MtISOd MAKQ9UflAKJ!!N. PK~utS Ka1t!

TT - El N& . Nor (PitaD -

21 dP No: No ( 00

Tan1 (Pipe#1)- (PMpefl) (Pipees) (Pipe#lO) (Ptpe#1l) (Pipe#12) J(Piped#l3) (Plpe#14) (Pip#5)

Kn Kout kL2,oui .K.btn.Oat KbxKOutj KinKk04 t KJ<Ou Kin,ICt t KtnKOut In

Tank (Pipe#l6) (Pipe #17) (Pipe#18) 1(Pipe #19) (Pipe#20) (Pipe #21)1 (Pipe#22) (Plpe#23) (Ptpe#24)
KdO inKOut Kind(SOc t K n K.Out K n,KOvsnOt KArK~ Kni~i.I KOut Kin KOul 1S1nK91

1 .. N

Tank (Pipe#25)
KIn.K Out20

TeeoWveTatle -

Tee or Wye Name Object Eevalion Elevation InitiaPessure Initial Pressure Database Teewye Loss
- ried - Units Units Source T T

S TeecrWya YesI 0 feel IRoundSraioht Detailed
9 Teeor a A Yes 0 feet RoundStra h Detailed

SII ~ eor~yc Yesi 0- feet .RourdStraightDelated.

1S TeerW YesI 0 feet RoundSral t Detailed
14 Teaoy,-a Yes| 0 feel Roundsrhe Detailed

Te.oWye Angle Pipes
An.d

. 9 . 150
- 1 30
13 45

Vale Table
Valve Name Object Eevalion Elevaion Initial Pressure InitialP'essute Database Special Exil Exit

Defned Units. Uis Source Condo .V Pressure
10 HV.Ol t Yes 0 feat Closed. No
12 HV-9021 Yes 0 feel Closed NO.

15 V-166 Yes 0 feet .None _

1 V1671 Yes 0 feet None- No
23 V-178 Y es 0 feet None No

Valve Exit dA CdA ioss Loss ndepenent ld. Var Iee Ddent p. abe LOss
reUnts Units Model Value Variable Units _VFiable Units Constant a

10 Cvdonstansi 1194to
.vConslaant 1194

s Cv constant 2440
19 .CnsPPAnL 2_440..

CVCOnsSSaat 2"0
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A5-511

.0

AFTAnow3.DOutput (1 fs) 3/25/2006
DM +WI-N

AFT ArowModel,01TSBypassSystemT44 Model Case 2(CeanFltes,NYB 1508.115 'F AnAenIHT)

tile:AFTAnwoModelOGTS BypassSystemT-H MbdelCase 2 (Clean Filers, NY 1508,115 TAmbient HIT)
Analystsrun on:3/25200610:23:36AM
Apptiaduonversorc AFT ow er Venm3.0(2005.09.14)
Input File: MADenonskaflonBulk VMFisca Year 2006 Wor\Calcutations\OdTSBypassTheral Hydroulc-AralyasisWerk Fileslypass Flowa
inhd Pipe Rev i Caso .aro

ExecuionTine= 11.51 seconds
Total Nter Of Pressure meadonse 0
Tba'NumberOFlow fleraftons=52
Tota)NumberOfEnhalpytteralions=52
NumbrOIPtpes=25
Nmnbor Of Junctionse 25
Maie Method= GaussIan Elimlnation

Length March Solution Method with Math Number Lirmlts
Length Slep Sem 12 inthes
MachNumberincbrmente0.01
Pressure Tolerance= 0.0001 relaIve change
Mass Flow Rale Tderance 0.0001 relative change
Entralpy Tolerance, 0.0001 relatve change
Flow Relanation= (Automatic)
Pressure Relaxation (Automatic)
ResIstance Relaxalonw (Automatic)

Fluid Databse: AFT Standard
Fluid: Air
Max Fluld Tenerature Data= 1000 deg. K
-MIn Fluid Temperature Data 200 dog. K
Molecular Weight 28.97 anu
Gas Constant =0.06855 StulbuR
Cdlical Pressure =37.25 atm
Critical Temperature =132.4t dog. K
AcenicFactorr0.021
Equation of State- RedlichKwong
EnUhalpy Modet= Goneralized
Spedfcl Heat Ratio Accuracy = High
Atmospheric Pressure- 14.3 psia
Gravitational Acetcration Ig
Standard Pleasure= 14.695 pia
Standard Temperature= 60 dag. F
Tubulent Flow Above Reynolds Number, 4000
Lamnar Flow Below Reynolds Numbera 2300
Total Inflowa 0.7572 Ibm/se
Total Oulow= 0.7572 Ibmisec
Total Energy tnflow= 157.8 Btu/s
Total Energy Outlow= 157.3 Bt/s
Total Heat Transferred Into Systen= -0.5593 Blufts
Maximum Pressure is 14.33 psia at knction 17 Outlet
Minirnum Pressure is 13.76 psia at Junion 17 Inlet
Maximum Staffc Temperalure is 124.7 de. F at Junction 17 Outlet
Minimrnum Static Temperature is 115.0 dog. F at Junction 13 Inlet

ComrpressoriFan Summa.y
Jot Name Mass Vol P OP I Overall Speed Overalt Comp. SEP SEP

Flow Flow Stag. Static iEffirieny Power -Raio 0 Mass
(scim) I (ft3/rtn) n.l sA. .frn.H20said.) .(Percent) (Percent): _p)_ rcoentV (13/set) bmse)

17 N31-130 594.8M 702. 15.75 15.7.67.40 100.0/ 2.545 104.1 N/A NWA

jct %of
SEP

(Percent)
7 N IA.

ValveSumrae
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A5-512

AFTAowt.Ouput (2of 5) 312542006
OW HN AFT Moe l de;OGTS-Bypass ysMn T-H ModCase 2 (Cte rs..10NYB 1508, 116F Amblin, HT)

Jot Name Valve Mass DiPStag DPSatsc PSat4 K ValveStae Cv CvEst

Type Fla", -Inet

X1 H-01RGLAg 0.00_N~luinNOSOWu00o InN~ d |j rtk9. NDSolution
X W12 - MV-S REGULARl 0.00001 NoSoi Nosolion NoSOlufio NOSlut,'FcC1sed~ yoseri , NoSolutk0n

15 V-lAN REGULAR 075721 0,005218 0.00S219' 13.84 0.7809 Ooon2.40. . A.
19 -V.17 REGULARi 0.75721 0.005134 0.005136 14.32 0.78177 Open 2.440.01 A-

23 V.178 REGULAR! 0.7672! 0.321421 0321952: 14.24 ,as9ss ooeni 300.0| uA

Heat Excanar SumR ary -
it Name: Mass DPo DPI DT T T Heat

Flow - I Loss Init- Outlet +Ratesin

0nstl. (pR1I) I.tpsi (deg.. F) (deg.Y) (deg.D.-.j(.|tiis).

L.&Li.PMJnrm . o.j . NOAI .tA .. . l1S~. . 115.0. _WA

Pie Output Table
Pipe Nane Mass VOL V.I. Vel. Mach Machi dPSIag. P Stlag. PStag.

Flo FlowAyg In Out gin- Out Total In Out
hsad.) } 3lmin) (Ofeesc ) -(fet/MmnI jin.420 sdi.) C,.H20std.q9 (Pin. M20 saId. (o)

I PiP 0.0: 0.0 0.00 0.0 0.00000 0.000001 0.000000 0.0000 0.00000
2 PIpe i 0.0 0.0 0.00 0.0 0.00000 0.000001 0.00000 _ 0.0000 0.W0o0

. FEs -0.0. 0.0 00 0.00000 .000001 0.000000
4 FE 0P0.ipe;..0 0.00 0.0 0.0 D.000: 0.0000 0.00000

5 Pip. 00 00 0.00 00 0.00000 0.00001 0.000000 0 0000 0.00000
S Pipe 00_. 00 ... 00 000000 0.00000. 0.0000000000 0.00000

7 ipe 0.0 0.0 0.00 0 ,00000 000000' 0000000 .,,0

S Ppeb 00 00 000 - 00 000C00 000000 000000 0.0000 0.00000
9 PipeI 00 ~ 0.9. 0.00 - 0.0 0.00000000000, _0.000000: 0.0000 0.00000Pip0 0.00000 000000 0000000 14

iP !, 0 0 0.0 .00 -. . . . . . . . 0.0000 0 00000
10 Pipe 00 -. 00 0.0 0.00 00 0.000000 -11.2464 1124543

Pipe, 00 0.0 0.00 0.0 000000 0.00000 000000 11.24 11.24643
14 Pipe! 594.8 697.0 30.66 18444 002619 0.026251 .840 . -11.244 -12.20527

15 Pipe. 594 6982 3074 4 2 0 02628 0 358199 -12.2q 12.56347

PIpe' 5948 6986 3078 1,8472 0.02629 0.0262 006666 127078 127M51
17 Ppe 5948 702.6 3095i 1659 0.02643 0.026431 0025395 147701 1479553

IS Po. 5948 6860 3022 18128 00250 0.025591 0037010 09661 0Q9M541
F9 ilia 594.6 OW.2 30.2I, 13 0.025611 0.025§9| .. CO04910 0.71W3 0.71339

20 Pipe! 5948 :: M 3024 18085 -F. .02M 0598081 05713 002679
21 Ppe 5940 6762 1346 ao7l 0.011491 0.011501 0007707 00000 005771.

Pe ~ 5948 678 6 56.371 3382.6 0.04815 0.048151 0.037010 0 99231 I02930
23 Ppe 5948 6949 576 3462 0.04927! 0.04934, 600747 9964 1052718

30 Ppe 00 00 0.00 00 0 00 0000001 0000000 00000, 0 00000
31 0.0 0.0 .oo 0.0 0.000001 0.000001 0.000000 12.2083 1.205?7

Pipe P Static P Stait dTStag. T Stag. T Stag.1 T Static T Salic d Stag.. HStag.
In Out Inlet Oudet In Out In

_...@pH2.sTh((g n, 0s4 ()) . (d.F) .(deg. F) . (dog. F) (dfg. F) (dfgt._ (BFtnlbn}_ (Btullbm)
1-0.000001 0.000000.00000000 115.0 14.0 115.0 115.0 0.000000000 .206.1

2 0.00000! 0.oooO 0.00000000- 115.0 115.0 115.0 115.0 0.000000000 206.1
3 0.000001 0.00000 0.00000000 115.0 115.0 115.0 115.0 0.000000000 206.1

4 001 . oit 00000 0.ooIoo . $15.0. 115.0 115.0 115.0 0.000000000 206.1
5 0.00000 .

00000  
0.00000 115.0 115.0 115.0 115.0 0.00000000 20.1

6 0.0000000 .00000000 115.0 115.0 115.0. 115.0! 0.00000000 208.1
7 .oooool 0.000001 0.00000000 115.0 115.0I 115.0 115.0 0.000000000 206.1
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AFTAow 3.0output (3ot5) O3/25/200

AFT Arow Model. OGTS BypeSyPaw N TModel Case 2 (aCan Filers. NYU1508.115 TF Am ttO. KT)

Pipe pstaft PSiMil dTStag. TStag. TStag. TStafic -TStafloi dHSlag. iStag.
In Out Ie Outet - n 014! - ;.

J.. nigt0d._( ).__g.I20f..g)}. _ .d@ s_ e~deg. ~ l3 fg (l ')(8 .rt . A.LIS!APn..}
3 o.ooco o.ccooc o(ooe o_ ns. ot 115.0 1 1. .000000000 206.11

0.000 0.00000 . 0.000000 11&.i 1150 l5.0 .2.
0________ 1_______________5_____ .0 00000000O 206,1$

10 -11.24643 -11.24843 0.000000 115.0 115.0 . IIS.O 0.000000000 208.11
I1 I 0.000W 0.00000 0.00000000 115.0 115.0 115.0 115.0 0.000000000 208.1

12 -11.24843 -11.24843| 0.00000000 , 115.0: 115.0 lt5.0 115.0 0.000000000 206.'
13 -1124643 -11.24643 0.000000001 115.0 115.0 115.0 115.0 0000000000 205.1
14 :11.42977 -12.38906 0.00561523 115.0 115.0 114.9; 114.9 0.01562005 .. 2061

i15 12.3890 -12.74744 0.00024414 115. 115.0 114.9 114.9: 0.00012325. 206.1I
16 12.89189 - 12.97858 -0.00008104 115.0 115.0 114.9 114.9 0.000008043 206.1
17 -14.9516 -14.9058 0.00000000 1 15.0 115.0 114.9 114.9! 0.000008210 208.1
8 078585 0.74889. 0.24407959 124.7 124.5 124.7 124.4 -0.059566839 208.4

19 0.53755 0.53267! .0.06880352 124.5 124.4 - 124.4 124.3 0.016742299 208.4
20 0.39051 0.20702 -2.72149658 124.4 121.7 124.3 121.61 -0.64116430 208.4
21 00331 s 115.0 115.0 1t5.0; 0.000000000 206.1

2 1.62820 -1.68529 0.00000000 115.0 1.0 114.7 .114 ,_0.000000_0001 2061
23 1057713 -11.17888 -0.0004828: 115.0 . 114.7 114.7 0.000000000 208.1

30 0.00000 0.0DO01 0.00000000; 115.0 115.0 116.0: 115.0 O.OOOOOOO 205.1
31 _-122527 . 12.20527 0.00000001 115.0 .115.01 115.0 115.0 0.00000 206.1

Pi- Wiak. - -alic H t Rho Ro Stag HatTransfer HeatF
Out In Out Stag.In Out Model

flulbm)ll ( 1 Iubml) (ibmS) (bW/13) (OBwls-2)
I 208.1 206A 206.1 0.06719 006719 Adiabadio_0.000E00 0.000000000

.L. _ 208.1 206.1 0.06719 _0.01 19 Adabetc. 0.OOE+00 0900000000
206.1... 206.1 206.1 0.08719 006719 Adiabatic' 0.000E+00 000000000

2 0622 0.08719 A. 0.00000097a
S2.6.. 

206 .67 0.06719 Adiab tic 0000E+00
206.1:..2081..206. 6719. 0.06719 A JIatic 0.000E+00 0.000000000

6 20 208.1 206.1 0.06719 0.06719 Geni Heat Tran. 0. E+00 0.000000000
7 2061 2061 206_1 0.06719 . G.n.. . IeatTran.. E_+ 0.000000000

8 .. 20$I 201 20$l1 0.06719 0.06719 GenijHeatTran. 0.000+002 0.000000000
9 206 .20. 206811 0.0679 0.06712 Gen1HeatTran. 0.000E+00 0.000000000

10 206 1 201 .2061 0.0679 0.8719 GenlHeatTran. 0.OOE+OO 0.00000)
1 - 2061 206.1.208 006719 0.065291. GenlHeatTran. 0.000E+00 0.0000000001 20 2081! 2061 0 06729 0.05291 Genl HeetTran.. 0.MEE+000.000 00000

13 208. 2 1 206.0 0.06529 0.0612._Gen HeatTran. -. .306 0.001182711
15 206.1 206.0 206.0 0.0512 0.06506 GenlHeatTran. 1.851E.06 .000093334.

1 206.1 206.0 206 0.06504 0.06502 Gn1heatITran. 1.882E-06 0.000008090
17 2061 206.0 206.0 0.0469 0.06468 ConlHeaTran. 2.51E06, 0.000006216j

18 208.4 208.4 208.4 p.06524 0.06626 Genl Heat Tran. .910E.03 -0.045102514

19 208.4 208.4 208.3 0.0622- 0.0623 Gel Heat Tran. .5.814E03: -0.0126764i
20 207.7 208.3 207.7 _0.0620 0.06642._ GenIatMn. .4.907E-9031 0.5028522611
21 206.1 206.1 206-1 0.9819 0.06719 Aiabaftc 0.000E+00 0.00000000_0

22 206.1 206.0 206.0 0.06703 0.06702 Adiabalie 3.000E+00 0.000000000
23, :_206.1 20620 206(00551... 06541 Adiabatic 0.000E+00 000000000

30 201 206.1 206.1 0.06719 0.06719 Adabatic 0.p00E+00i _.00000000
31 206.1' 206.1 206.1 0.06512 0.06512 Adiabatic 0.000 01 0.0000000

Al Junction Table
Jel Nan.

Thr Juncaion Total Out In 1 Out
(sIlra) On. 020 sId in. H20 sid. Sn. In. .20 s Id. () 2in. H20 ad. ol)

I AtmPes 0.0 0.0000| 0.00000! 0.0000 0.00MOo o.Oooo
2 lEPAF1iterNO2-01 .L 0.0. 00.0000. 0,0000[ 0.000 .0.00000 00000

MassFow dPSoag. -jl dg. PSa. 0

A5-513
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0

0

A5-514

AFTMow 3.00 uWt (4 oI) -325).006
DMJMH+N.-- -

AFT owModel.OGTS 0passSystem.7-lModelCase2(Clean FleesNY $508115M F AS bent,T -)

Jot N oae MassFlow dPStag. Pstag. PSlag. PStaeU PSta
TluIundc8on Total In Out In Out

s . (l.2O~std.) _ Q.n 12Oi~L 2f .. g)L. (i._#gd() i2stCZsdfl
CtiaIng #.0 _ 0 0.00000 0.0000 0.00000 0.0000

4 Ar01Change O.W 0.0000 0.00000 0,0000 0.00000 -0.0900

5 AreeChanoe 0.0 0.0000 0.00000 0.0000. .00000 0.0000
6 CV Pgonm 0.0 0.0000 0.00000 0.0000 0.00000 0.0000
7 ea oanos 0.0 0.0000 0.00000 0.0000 0.00000 0.0000

8 e Wye. 0.0To. 0.0.0 0.0W)) . i 0.00000- 0.0000,
STeeor~y 0.0 0.0000 0.00000 0.0000 0.00000 0.0"0

X10 HV-901 00i NoScludon Nosoution -11.2484 NoSolution -1124(4
II TeeorW"e 0.01 00000l -11.24643 -- 11.244 -lt.24643 -11.2464

X12 -HV-902 0.01 NoWolution NoSolution -11.2464 NoSouUonl -11.2484
| 13 TeeolW& N/Am See Losses -11.2443 -11.244 .11.62762 -11.6276.

14 TeaorWve NWA! 0.0000 -12.20627 -12.2053 -123890 -12.3891
- 15 V-16 594.8: 0.1444 -12.56347 .12.7078 -12.74744 -12.891W

16 1 HEPAFiIMer138)37 594.8 1.9756 -12.79451 -14.7701 -12.97858 -14.9552
17 N3130 94.8 .52 .79553 605 44.98M8 . 0.76W

IS Backdraflt~amor 594.8i 0.2112 0.92954 0.71St 0.7489 0.5375
19 V-167 594.8 0.1421 0.71339 0.5713: 0.53267 0.3905
20 AtmPre, 594. 0.0000 .0000 0.00000 0.0000

21 AtmPtas 594.8 0.0000 0.00000 0.0000 0.00000 0.0000
22 Heater&HEPAFler 594.8 0.93461 -0.05771 .09923 -0.09408 -1.6282
23 V-178 594.8 8.8971 -1.02930! 9.9264 -1.66529 10.5771
30 To MaIn.OGTS . 0.0 0.0000 0.00000 0. -- 0 0. 1 _ M
31 To Train BHEPA 0.0 00000 -12.20527 -122053 -12.20527 -122053

Jt dT Sta.. TSg. TSIag. t SI' ti n TStaUc dH Stag. in H stag. HStaicIn HStatic
nlet Outlet Out Sta. . Ow ot

- (den. F) (dog.Ft (dg.F) (deo.F) -(don.F) (BOu)Tbm) (Blobni) (Ibm) (Otulbm) (81 0bm)
M 0000000 115.01 115._ 115.0 115.0 . .000 . 208.1 200.1 _206.1 206.1

2 0.00000 15.01 11 Q 115.0 115.0 0.000 2_0 1 206.1 _20.1 2061
3 0.00000. 115.0 115.0 115.0 115.0 0.000 20.-1 206.1 2064 2.01
4 0.0000000 . .115.0 1 "115.0 .0 0.000 20.1 206.1 .206. 2061

5 1.0000005 .11 115.0 115.0 115.0 0.0 206 1 20. 206.1
6 0.0000000 115.0. 115. 1150 115.0 0.000 2061 205.1 206.1 206.

7 00000001 15.0 -115.0 1150- 115.0 D.000 2_06 206.1 206. 2061
0.00009000 11.0 115.0 1150 15.0 N/A 206.1 20.1 206.1 206.1

9 0.0000 1_50 115.0 115.0 115.0 N/A 206 2%I 2M.1 206.1
X10 NoSoMion NoSolution 115,0 No Soluion 115.0 0,000 NoSolution 206.1 NoSolutlon 206.1

I1 .wP99P0j 115.0 115.0 115.0 115.0 N/A 206.1 206.1 2061 206.1
X12 NoSlution NoSolution 115.0 NoSouton 115. Th?66o! NoSootion 206.1 Nojton 2061
13 0.0000000 11.0 115.0 114.8 114.8 NAI 206.1 206.1 208.0 206.0
14 0.00000 115.0 115.0 114.9 114.9 N/A 206.1 20.1 206.0 206.0

1 .-0.0001221 115.0 115.0 1149 114.9 _ 0.000 208.1 _22Ao 206.0 2_6.0
16 .0.05869 15.0 115.0 114.9 114.9 .0.00 20.1 . 206.0

17 9.7330933 15.0 _ 124.7 114.9 124:7 -2.372 200.1 208.4 208.0 208.4
18 -0.0001831.. 124.5 124.4 1244 0.000 20.4 28 208.4 208

19. -0.00012211 .1..4.124.4 124.3 124.3 0.000 99 208.4 4 208.3 2083
20 0.0000000 115.0 115.0 115.0 115.01 0.000 206.1 208.1 206.11 206.1

21 .0.000000 115.0 115.0 115.0 115.0 0.000 208.1 206.1 208.1 206.1
22 .0.0010961 115.0 115.0 115.0. 114. 0.000, 206.1 201 26.1 206.0

23 . -. OO72632. 115.O 115.0 1147 114.7 0.000 206.11 206.1 206.0 206.0
30 0.00000001 115.0 115.0 1150 115.0 0.000 2o8.1 206.1 206.1 206.1

31_ ._0.000 115.0.115.0 1150 116.0 .0.000 206. 208.1 206.11 20M1
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AFTArow3.0fnput (I d6) 325200 103SAM
DJMH+N

AFTrwModel, OGTS BypassStslemT-H ModeCase3 (UI yIICINYB 1508. it5'FAmtlient.IHT)

Tle: Af Arow Mode, OGM Bypasssystem T-H ModeCase 3(Dly lers, NYB 1508. 115 F Arnbent HT
InputFile: M:Aemonsaratlon SuRVVFIscal Year 200BWOkGCatculaliors\OGTS Spasshemal Hydraulics natys\WowkFlesSypass Flows
int Pipe Rev I Cas Isaro

Number OfPipes=25
Number OIJundilonse 25

Length March Solbdon Method wAh Mach fNurnber imits
Length Step Slze= 12 Inches
Madh Number Incement= 0.01
Pressure Tolerance 0.0001 rebs e change
Mass Flow Rate Toterance=0.0001 retai change
Enlhalpy Tolerancee 0.0001 relasue change
Flow Relation- (Automate)
Pressure Relaxalion= (Automatic)
Resistance Retaxatiorm (Automafic)

Fid Database, AFT Standard
Reid: M
Max Fluld Temperature Data= 1000 deg. K
Min Fluid Temperature Data= 200 deg. K
Molecular Weight -28.97 a.
Gas Constant =4.06855 BbjAbnnR
Critical Pressure =37.25 atm
Critical Temperature =132.41 deg. K
Acenric Facte =D.21
Equation of State= Redfich-Kwong
EnthalpyModel=Generazed
SpecifcHeatRatioAcoracy =igh
Anosphric Pressure 14.3 psia
Graviladional AccelraUon= I g
Standard Pressure 14.69$ psis
Standard Temperature= 6 deg. F
lurteierg Flow Above Reynolds Number' 4000
L.aminar Flow Below RenIolda Number= 2360

Pipe Name Pipe Length Length Hydraulic Hydraulic Frisiion
Defined Units Diameter Diar. Units Data Set

Roughness iRoughness Losses (K) I intai FRow
Units

I Pipe Yes 64 Incesi 6.065 inches Unspeciid 000015 fset! .3
2 Pipie Yes 104 inches 8.065 inches Inspeoified 0.00015, (eC 0.21
3 3FEes Yes 163 inches! 4.025 inches Unspefled 0.00015 feet: 1.3S
4 Pip Yes 39 inches $065 inchesi Unapecied _0.00015 [at 0.181
S Pie Yes 22 inches 4.025 inchesj Unspeofied 0.00015! 15ti 3

S Pine Yes 72 Inches $055 aches: Unspecitled 0.00015 feet 0.154
7 Pine Yes 141.5 inches' 5.047 inches Unspecitied 000015 feet - 0.471
8 Ppe Yes . 6 inchesi 6 065 inches Unspecited 000015; fe t  0.14;

_Pipe Yes 10.5 inches 6065 , aches Unspented 000015 feel
-1 -Ppe Yes 8 inches i 6.065 inches! Uspe.11-e --.---- feet 6.,

11 P,'pe yes- Gjneh-s -6 6 10. Unsp.iad .001 feel 0.05
-12 pipe! Yes. 12 inches 6.DS inches Unspeci.d. O.M0151 feet 1.227S411. -5H ~ - - 0.11

13 PFt Yes 25t ncheso 8.29 iNless _nspcified O.-1
14 _Pie' Yes 19W inchs 8329 fnches Unspecified 0.00015 feet .47_
IS P Yes 27.5 inches 8.329 inches Unspecified 000015 feet 1.32
IS .Pe Yes 1.. imchest 8329 inches Unspecified 0.00015 feet 0.43
17 Pid Yes 12 inies1  :329 inches Unspecifled 0.00015 feel 0.11
18 PI Ys 42 i 6429 inches Unspe'sed 0.000 - reel 0.1l
19 Pi.. Yes 12 inches 8.329 inches Unspecified 0.00015 feet
20 PipeI Yes 564 Inches 8.329 inches Unspecitied 0.00015 feet 2.04
21 Pipe Yes 104, imnesi 12.39 incss Unspeciied o0o015 feet 1.42

22 Pip Yes 6 inchs 6.065 inches Unspecified 0.00015 feet 9..4
23. Pipe' Y. -- 268_ h. i 60E5 Inches Unspecified 0.00015 feel 0.11

A5-516
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AFTA.ow3.Olrpu (2o16) 3251200610- AM
DMJMI+N

- AFT Aow Model. OGTS Bwass System T-H Model Case 3 (Dirty Filters, N 1508, 115rF Ablent, HT)

I pipe Name Pipe Length Length Itydraut Hydraulic FIcion Roughness Roughness losses (K) InidalFlow
- oDsoned Unis _mettet r .DiarnUrdts _DaDtaSet nt___

30 Pite Yes o.5~ feet 5.W4 inches Unpeie 0.00015 feat 0
_31._i2g4.._ 0.51 O reejs 25 Inchesi Uns'epi#ltd _0 L-------- _ o____

PIpe Initialflow Junlclons Geometry Material Size Type -Thermlt AnblentTemp
Units -(UDownl Boundav i

2Cy'nd,$rpiaL ipe sle i c seue Adietailc
2 2.3 CyvindricalPipe StantssSeeF Sinch scheduto40 Adilabasfi

4.. cyjTRicnjq $k ! e.l . in' sctiedut40 Axiabsts;
S5.6! CyliCthral pe Unspeclied aiain_
6.7t CylindricatPipe StalniessSleel -indh schedule40i GeneralHeatTransfer 1151

. g. ylipddct PpeSatn4!!ssqI .fint sniledule 401 .jGenaatatnsler11

w.d Igr!!pe ScdessSteel Sinch s - . . ?Heat~naf 115
99.10 CndricalPic StainlessSteel SinC schedule4oj Genera*HeatTransfer 11

ScalSee inch schedule 4OGenaI HeOl Insaet5l
9. CytndcaIPipe Slai ssSleel 6_inch shedule.40 _GeneralHeat Transfer I

12 12,11 Cyondd0caPia StaintessStee Sinch schedaa40. GeneraseatTransler! 115

14 ............... 13,14 CYtIt!PtdPs.?ple kllia tne e 8 inch
5 14,15 CyAiidsicsl SA!jilts$.eel S inch_

1 Cyingdog.,I pe nesF.SWegy . Slac
17 16.17i. CyAndr*c??,PJ SualnlessSneetStockh

10 17,1S Cyndiclaipe SiaolssSeel _SlachI9 18.19 CylincIa.Pipe StainiesstSteel. inch
20. . .2. CyindricalPIpe StainlessSltelt8 Inch

21 21.2l .gy drcatPig_ Saknsteel 12inch
22,23 Gylindcal Pipe _SJ ttntssteel. .61ndn

213 Cyqirdai~ipe Stanless Steel. 6 indc
830 CyindscallPjpelslainesstsee_ 5lnci

3 14.3 C yg ncopei SainlessSteel 8 nch

Pipe AMNbntTemp. Special
Units Condito

I Noe
2 None

3 None
4 None

S None

5 de. F None
7 deq.F None
8 de.F None
9 deo. F Hone
10 den. F ?,tone
II de.F None

12 den.F one
13 deg.F None

14 de.F None
is de.F None

Is deq. F None
17 deg.F Hone
18 - de.F None

19 de.F None
20 deg F Nwe.

21 None
22 None
23 None

schedule . ,. eat Traschedule 10 GenerlHeatTra"nse! 
115sce .ule 10_GenegrtHeatTranser 

115.... gdjj . e a -! --.---s-e
schedule.10 GenierHeat.Transer 1±

schedule 10 _Generaltleat Transfer 115

schedule10 GeneralHeat Transfer 115
schedule10 General Heat Trans. . 115
schedule.1C Adiabatc

schedule4_0 Adiabatic
.haed.le 40 Adjaatic
schedule40.. Adlabaic
schedule tOJ Adiabaic

A5-517
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AFTArmow3,0npot (3o6) 3f2r2005t08pAM
DMJMH+N

AFT AJOW MOM OTS Bypassystem i-il Model Cs (Dirty Filers. NYS 150, 115 FAmbient HT)

Pipe es Temp. Specfal
. Uniot .Condfo

30 None
SI -Nortc

P Le loss Table
Pipe K Total Standard Mitre Smooth Angle Ball Butleuly Cylinder Gate Globe Plug Poppet

Losses Beds Beds Bnds, Vatr Ves;Vtea Valves Valves Valves Vle avs Vle

12 1.23 (0.13)
13 1 .11

21 _,1.42
22 0.04
23 .. i.. -L

Pipe Tbree-tay Swng Check iftCeck Taft ingisc Stop Check Sbarp-edged Long Conracion Expansions
Losses Valves Valves Valves Check Valves Valves Oie Ofice f

12

21

23

Pipe . nrances Exits

Losses

12

13

.. .ers ti. .

.........................lowmlterlo
Honeycorb [sc ee .ee AdWdlLos

1 (1I.)

1(1.1) 10.221

21. 12
...22 .. 04

23 
(0.1_)

Area Change Table
AreaChange Name Object Elevation Ievation ina Pressure initia1Pressure Database Type Geomety

Defined Units Units Source
3 . NArqgh9p ge Yes 0 . feel Coicat Conttaclon

4 AreaChange . Yes .e Co ps

&AseaChabge Yes 7C calF Ension
AeaCang Yes 0 eel Conical Contraction

- e----;CflT - g~~9.

AreaChange Angle Loss
Factor

3 22.1 D.4399
4 22. 0.1552

5 22.1 0.4404
7 28. 0.1241

Compressor/Fan Table
Compressor/Fan Name 1 Object Elevation ElevatIon InitialPressure it Pressure Database Special

i DEnod Units Unts Source Condiion
17 N31-13D Yes ol feet- Nones

CorpressorFan Punw Design Flow Design Flow Current ndependent id. variable Dependent
Tye Rate Rate Units Cen llon Variable Units Variable

17 .. opi.FanCurve . Vol.Flow Rate__ _/me i PressureLoss 

0I
A5-518
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A5-519

AFTArroWS.0Input (4Wo6) 3251200810:38 AM
DMJMIH+N

AFTrMIOavW , OGTS lBypasysem T-H Model Case3 Drty Filters, NYB 18, 11-5F Ambient, T)

CompressrtFan Dp. aable I CompfanCurve CanpiFanaCurve Coropaan Crve ConpjranCrae 'Compi~anCrve
=Unis Consisnia Constandb Conslanto Coslaned. Conslante

S in. -2OsW.- 12.46420! 2.571429E-03 .22057142E0 01 0
CompessawFan RuntFlow Ruout Flow Added Press. Speed Conrd i Cont ControlWhen Compression

Rate Rate Units TYPe TDischama Disehaaa nlts i Exceeded nt Process
... 101 ... _ _ .batic

Dead End Table
. DeadEnd Nare Object ESevalin Elevation "nel)Pressare InitalPressure Database

Defined Us Units Source
30 TobainOGTS Yes 0 feet
31- ToTalnBHEPA Yes! 0 feet

General Comoonent Table
GenegalComponent Nme Object Elevation Elevation In Pressure Initial Pressure Database Special

-. ee Units Units 
1  Source Conditien

-.. 2 - EP Filter N02410 Yes 0! feet None'
10 Wl-EPAfll&130I37 Yes 0 feetl None

... kd.ft..Qr.. . k Yes O------ feetn
22 I Hleat&HEPA Fitter Yes feet None

General Component Loss Loss Independent nd.Vaabe Dependent Dp Variable Loss

2 General Polynom~ia. Vaable Vol, FlowRate ft3Ima PressureLoss FIn. H20std. -2.331035E47

.. . GeneratPolynoi. Variable Vol. FowRate; i/minPressureLoss in.02sD. 475W2E3 7

8 Genorapiolynomial Varable Vot. Flow Rate 13/min Pressure Loss in. -20 std. 7002035F17

General Component Loss Loss Loss Loss
- ConstatbConstnto onstanti Const

2 0.00448: 0, 0 0
IS6 437333-03 . .0 0

1 1.687181E-04 3.4618308 0 0
* 22 .002502i 0. . 0 0,

Heal Exchanger Table
Heat Exchanger Manmc Object Elevj ~ti Eleion Initial Pressure Inital Pressure Dat;ba Special Type

Defined WI Urils Units I Source Condition
5 - CVptenumrn Yes[. o[ eet None

HeatExchanger Loss Loss Independent Ind.Variable Dependent Dep. Varable Loss Loss Loss
Model Value Variable Units Vadable Units Constanta Constantb Constant

6 - KConstant 1.5

Heat Exchanger- Loss Loss
-Constant d Constante

Tank Tbe

-Tak Narme Obje! v E ElevaObn W631a Presur , llai PRIM.e Dlbae.Pesue Pes TemPealure
Delee Uits [ Uits _ Ioisce Unts

-1 AnPres Yes 0 feet 14.3 p -le . 115

20 At.Pres Yea 0 feetl 14.3 osa 115
21 AlPos.. Yes 0 e.. .. 14.31 piae. s
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AFTArow3,0 input (Sof6) 31250081038AM

AFT AnOWMOde). OGTSBypassSyalenT-HModl Case3(DtyFitrs. NYB1508, 115FAmbetHT)

Tank Terperalare Balance Bailance j (Pipe#1) (Pipe #2) (Pipe#3) 1 (Pipe#4) "POpe#5) (Pipe#s)
tais EneryCoenr ionflK ,K Out K u KinKOuti Kin,KO ,K K
i -dea.F No - ai 4P1)00.o

.22 deeF o N,_MQ,. .... ______
21 d No: Nor )P)Q.,.

Tanr (Pipe#7) (Pip #8) (Pipe#9) -(Pipe#10) (Pipe911) (Pipa#12) (Pipe #13) (Plpe#14) (Pipe#15)

Kn6KOut Kin, KOut Ktn,KOu-KIthKOt t KhKOut- tKOuI KinKp tKin cout nOC

Tank (Pip(#16) P 17) (Pipe #18) Kin (Pipe 20) (Pipe#21) (Pipe#22) (PIpe#23) (Ppe#24)

KinOut Kin t KnKOut 7KnKOut Kin.KOut KInKOv Kin.KOu K nKOut

21-

21 - .-
Tank (Pipe#25)

KIn KOul

20 -

21

Tee or Wye Table
Tee or Wye . Name Object Eevation Elevatlon Inial Pressure inilialPressure Database TeeNyye Loss

Defned Units Units Source Te . Type
a TeeorWe* Yes 0 feer I RoundStraight: Detailed

9 Teeorve Y&es 0 feet RoundSuta11t Detailed

11 Teewwye Yes . . .r Detaled
13 Tee-orWy Ys 0 feet Round 0rai1ht Detailed
14 Teeor Me Yes - 0 feet Round Staight Detailed

Tee or Wye Ange Ppes
ABC

S 35

9 1iJP.
Ii 30

13 46

14 ... ...1 5,

Valoe Tabtle

Valve Name O - Eevatien Elevation initialPressure Initial Pressure Database speire Ert Eit

Defined -nda Unit Source Condiion Valve Prexit
10 -v-soi 1 Yes 0 feet None NO
12 _ V-SO2 Yes 0 . .feel oe. ..o
15 Ws. Yas 0 feet ._.. . .. N o:
19 V17 Yes a feet. None No
23 V-17S1 Yes 0: feet None: No

Valve Exit C4A j dA Loss Loss ependent id. Variable Dependent Dep.Vaiable Loss

Pressure Units Units Moderl .Value Variable Units Varibie Jnlts Constant a

0 . . ..on....1
12 CvConsant!i i4

15 CvConsanr 24401
19 __Ocvonstanti 24401 .

A5-520
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A5-521

APTArrS.OMput (6S6) 3125200810:OAM
DMJMH+N-

AFTrov ModeL ,GTS Syp SymT44 ModlCase3(DkrtyRi rNYB 1508,115 FAmbent HT)

Valve L Loss Los L
b ___b Csantd Coost-le

10

is
.29

S
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A5-522

AFTUrowOulpu (1 o5) - 325i2006
DMJMH+M

AFTArowModel,0GTSBypasS SystemT-HModeICas3(DryFltr. N$YB 150.115 'FAIlmben.HT)

Titict AFT Art'mModal. OTS Bypas System T-H Model Case 3(PIy FiltersNY 1508.1115* F AMblen, t)
Analysiseun on;3125/2006 tO:3:50M
Appication version: AFT A~rMrVemlenw 3.0 (2005.09.14)
Input Fir: MIADemonrstrsgon AlkVlWiscaIYear2006Workltalddatiws\OGTS Bypass Iemal HydraulicsAnalysis\WokFIes\yPss Flow 8
Inct, Pipe Rev1 Case3.ro-

ExecutioneThn.46.78 (106.78seconds)
ITotal Number OfPressureleaion~s 572 -

Total Nwnber Of Flowteainsa 190
Total Number Of Enthalpy Iterations= 19-
NumberOffpipes=25
Nurnber Of Junctions 25
Matrx Method= Gaussian Eliminaton -

LegnihMarch Solution Method witi, Mac NumberUmits -

Length Step Size= 12 Inches
MachNumber Incremente0.01
Pressure Tolerance 0.0001 relative dhange
Mass Flow Rate Tolerance 0.000t relative change
Enthelpy Toleranctr 0.0001 relatIve change
FlowRelaxaliona (Autenatc)
Pressure Relaxation= (Automatic)
Resistance Relaxation, (Automatic)

Filid Database: AFT Standard
Fhuid: Aft,-
Max FfuldTemperature Data, 1000 deg. K
Min Fluid Tempsrature Data= 200 deg. K
Molecular Weight =28.97 amrJ
Gas Constant =.06855 BiunmR
Critical Pressure =37.25 a1m
Critical Temperature =132.41 deg. K
Acnnuls Factor =0.021
Equation of State, Redlich4wong
Enthalpy Model= Generailned
Specific Heat Ratio Accuracy - High
Atmosphorlo Presaure 14.3 ptsia
Gravitational Acceleratono 1 g
Standard Pressmeu 14.698 psia
Standard Temperatures S0 deg. F
Tursulent Fow Above Reynolds Number 4000-
L.aminar Flow Below Reynolds Number 2300
Total Inflow 0.8981 tbrssec
Total Outflove 0.8981 Ibm/sec
Total Energy Uflow 253SiBefs
Total Energy Outlowe 195.0 Blls
Total Heat Translerred Into System= -58.43 Ntt/s
Maximum Pressure is 14.34 psia at Junction 17 Outlet
Minimum Pressure is 13.W psi at Junction 17 Intet
Maximum Static Temperature is 875.0 deg. F at Junction 6 Outlet
Minimum Static Temperature is 115.0 deg. F at Junction 23 Outlet

ConmressorjFan Summary
Jt Name Mass j Vol I DP- DP Overall Speed Overall Comop. BEP BEP

I'" i Flow Stag. Stalic Efliciency P.w. Ratio Q Mass
(scfm)[(lnin) | (In. $20 std.) (IrQ $29 std. AEflujPe.ent) .{hp).tsPent) (US/sac)(. ..Otrrs.ep)

17 N31-130 705.51 906.51 14.24. 14.25i 57.40 100.0 2.971 -1037 N/A WA

Jet %of
SEP

(Percent)
17 WA.

Valve Summara
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A5-523

10

FAn ow 3.0 0t- (2 05) - 3/2512006
-DMJMH+N-

AFT ArcrtwModel, OGTS 8ypasssystamT-H Model Case 3 (Dirty Files. YB 1508. tISFfAmbld HT)

Jt Name Valve Mass DPstag OPstatic PSIaIIC K Valve Cv CV
Type Flow I i Inlet State Est

10 9_-OG REGULAR - 0.28609* 0.0050591 _0305887 IA4l . _.i.Pen . 1_94.fWA-

12 HV-902 REGULA 4 0.000355 0.0003505 14.07! 0.9741i Open . 1A4. WA

15 V-166. REGULAR 0.89811 0.00786991 0.007075j 13.91 0,7770 Open 2440.0 WAI

19 V-167; REGULAR 0.89811 0.0077692! 0.0017747' 14.38' 0.7770' Open 2.440.0 WAI
23 V.178: REGULAR 0.54558 0.1634032 0.1635417 $4.24o 13.705! pn 300.0 WA

Heat Exchanoer Sumnnr

Jt: Name Mas Dio p 0? - T Heal
Flow .oss Inlet Outlet Rate -

.-*-a( I.Sc)sid- . - d.g. degF) -Fi )
6 CV Plepnw 02525 0,03881 t 0.024611 .. 760.0,114 874.7 65.19

V.. OutputTak
Pipe Nome Mass V& Vo. nl.In Vet. MaclI Mach dPsteg PSan. PStag.Out

Flow FlowAvg Out Aln #Out Total In
(potml jfta/_.i).C /se'tfA9L Q]m'P). :. In. 12 stid) (in.H20 ,t..(9)) (in.H 20st(g)).

I Pine 276.91 315.0: 26.156 1.571.1 0.022337: 0.022362 0.4325368 0.0000 -0.43253678
2 EP 291 3164 26.279 1,577.0 0.02244_.. 0.02446 0.0787._. _ .. .4 .. 9225182

3 3FEs 276,91 317.5 59.721 3.599.3 0.051011 0.051239 1.7453790 -1.9832 3.72858047
4 Pip, 276.91 318.0 26.413 1584.9 0.022556 0.022566 0.0406270 .3.8395 -3.88013339

276.91 318.5 60050 365.9 0.051292. 00513. 03078310. . . 12 . . .54222

6 Pipe 276.91 727.4. 61.632 3.553.6 0.034694 0.034004 0.1227523 -5.3234

7 Pipe 276.91 689.4 -85.591 4,788.6 0.049146 0.047407 0.64282601 A 6.127555651
8 pe 27.91 653.9: 55.234 3.304.2 0.032147 0.032799 O.0422351 -5.1276 -5.17377949'

9 Pipe 224.72 536.2 44.682 2,64.6 0.026611 0.026529 0.0065241 -6.16091 -6.16752291

10 Pipe 224.72 533.6 44.429 2.653.5 0.025540: 0.026478 001449271 -6.3299j .. 34439182

11 - Pipe 5218 124.4 i.36n 618.0: 0.006179 0.006156 0.00076521 .6.3440, .. 34473515

12 . ipe -218 2n, . : p0? .0061560 0.006112 0.0129616 -.6.35471 -. 367622.3
13 Pipe 276.91 617.7: 28831 1,535.0- 0.017278 0.026264 0.05416941... -- 6.34481 4.39901018
14 Pip. 705.46 993.5 47.482 2402.4 0.035313: 0.03246W 1.5388945' .6.4174 -1.95403051

15 Pipel 705.461 903.5! 40.040 2.372.4 0.03246 0.032283 0.54330421 -7.9540 -8.49733446

IS Pp) 705461 897.9 39.582 2.372.5: 0.032302 0.032299 0.1316749 .8.71521 .8.84684849
7 -Pi75. 4 61  905.7 39.948 2,395.8 0.032630 0.03224 . 0.0385944 12.7728 -12.81135082

13 Pipe 705.46! 887.1 39.116 2,342.0. 0.031707 0.031676 0.0558325 1.4239 1.37308323

19. PiP 705.4.61 086.4.390 34. _0.031696 0.031687: _0072057 1.1172 1.10994450

20 Pipe 705.401 876.3 39.056 2,288.5. 0.0174 0.031363 0.8949037 0.8949 -0108902640

21 PP 428.55, 487.2 .698 501.9 0.008281 0.008282: 0.0301733 0.0000 0.03017330
22 PIpe 428.55 409.0 40623 2,4375 0.034693 0.034695 0.0194820 _ _.2492 -1-269677711

23 .Pipe 4 28.5 494.9 41.096 2467.8 0.035098 0.035127 0.3210566 -5.7918 .6.11285210t

30 PIpe 0.03 0.0 0.000 0.0 0.000000 0.000W00 0.0000001 -6.1276 .6.12755585
31 _Pip. p o 0.0 0.000 0.0 0.000000 0.000000 0.0000000 -7.9540 -7.95403051

pip. P staTtt P a. . T ag. -TStatic TStaic dHSIa,. HSt"a. ISSa.
n1. Out inlet Oujet In Out n Cu

Cm H20 std.Int fn. H20 std. fall (den. F) Idea.F) (d".F) (d. F d qF) (B11mufv) (Surian) Bt=11b.)

1 -0.137M -0.56999 0.00006104 1)5.0 115.0 114.9 1.,91 _.000 0 .1 .

S2 1.98259 .. 0W50I -0.00008104 115.0 .0 1149 114.9! 0.00000 206.1_ .2

3. -2.6509 -.. 44366 0.0014)381. 115.0 115.02 47. 1'4. 7. 0.00000 .=_Il. 206.

4 -3.9788 .- 4.018804 . . .115.0 1150> 114.9.114.9 9.00000 206.1 200.1

-.4.6735 -4.9657 . 0.000.414 .115.0.11h 114.7 114.7 10.000001_ 20&.j 26.1

6 -5.4703 5.713: -525.01 5. 875.0 . 87.7 82131 -13.113751 393:8. 380.7

7 - .6.13392 . .. 73287 88.476318M 822 734.1: . 22.0 733.6 22.06575 38D.7 3586!
8 -6.41757 ..6.462921 -3.66520320 73_4.1 730.4.733. 730.2 .0.912701. .. 7.
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AFT Aw 3.0 Output (3065) -325/2006

DMJ84H+N-
AFT ow Model, OGTS BypassSyaten T4 Model Case 3 (yFilters, NYBued 1 15'FPmbient HT)

Pipe P SMWIuc Pontale dT Stag. TStag. TStag. TStatio T Stalia dH Sta H Stag. H Stag.
Out .id outet In wt In Out

I. H20 std. N ()) 2O Aid.(oj ( ngF t (d .F) (dM .Fj A flA) (dg.FR JBittL) (8.Arm -(Ayll

9 .. 3.12 -. 35675 -i3s2s25 nO.A D:2 72A30 L 7 .1_7 Q 70 .. ,

10 -6.51920 -53282 -5A7229004 723.1 717.7 723.0 717.5 -1.30242 35.9 354.6
11 -6.35424 4.35492 -8.6550290! 730A 721.7- 730A 721.7 £15471 357.7 355.6

12 -. 36485 .67765 -15.93359375 7217 704.8 721.11 704.8 .4.21356 355.6 351.4
13 -. 420! -47023 -132A1479492i 715.2 682.8 715.2 582.8 -32.87941 3M4.0 321.1
14 1 .75423 -8.23802 -121.33561707 299.5 178.1 299.3 178.0 -29.71949 251 221.5

i .8.23802 - 1.77779 .8.82202148i 178.1i 169.3 178.01 169.2 -2.15633 221. ) 19.3
16 -8.99579 .9.12731 -0.52752686; 169.3 16.8 1692 168.7- 0.12891 219.3! 219.2
17 13.05609 -13.09455 .0.4875488 16.8 168.4 168.7 153.3 .0.08524 219.2 219.1
8 1.15150 1.09824 .1.43078613; 178.5 177.1 1784' 177.0 -0.34976 221.6 221.2

19 0.84013 0.83308 .0.40277100 177.1 176.7 177.0 176.6 -0.09847 2212 221.1I

20 0.61788 -027056 -16.24743652! 178.7 160.4 1766 160.3 3.97076 221.11 217.2j
21 0.01887 -0.04905 0.0003621 115.0] 115.0- 115.0 115.0 0.00000 20.1! 206.1
22 1.57931 -. 59879 0.0000000 115.O 115.0' 114.9' 114.9 0.00000 206.1 206.11

23 -62576. 644708_.-.. 0024414_ .1.5.0 115.0' 114.9' 114.9 0.0000 206.1 206.1
30 -6.12756 -. 12756 0.00000000 734.1 734.1 7341 - 734.1 0.00000 358.6 3W8.61

31 -7.5403 -7.95403 0.00000000 178.1 1781 1782 178.1I 0.00000 221.5 221.5j

Pipe H SatO HslatIt
in Out

2 rOlbnO Bdb)

Rio ;!Rho Stag. Heal Transfer
Stag. In Out Model

fbrra3 lab,

Heat Heat
Flux Rate

i8lu/a.822 I .(Bln/si

208.1 206.1 0.06719 0.06712 Adiabatic O.OW00 0.000OD
2 206.1 208.1 0.06688! 0.06687 Adiabatic 000000i 0.00000
3 206.0 206.0 0.06686. 0.06656 Adiabati. 0. .
4 206.1 -20.11 0.08854 0.06854 Adiabatic .00 2N0

5 20.0 206.01 0.06653 0.06647 Adiabatic 0.0o(,I 0.00000.
6 393.7 380.6 0.02853 0.02969 GeniHeatTa,. -0.48526 462298
7 300.6 358.5! 0.02968 0.03183 Genl HealTran. -0.499271 .777882

8 358.6 357.71 0.03183 0.03192 Gal HeatTian. -0.40528! -0.32175

9. M7.7; 5.9 01.03.193 0.032121 Gon1,eatTra. .-0.37226[.051719
10 35.9 3545 -003211 0.03226 Goa HeatTran. .0.36822 -0.38977

11 357.7. 35.6 0.03191 0.03214 Ga Heat Trai. 0.1028 -0.14313

12 355.6 351.4! 0.03214 0.03261 G.1 HeaTran., -0.17627 -0.27989

13 353.9 321.1 0.03232 0.03642 GenlHeatTran. -0.25414 .11.59095

14 251.2. 221.5 0.05002 0.05931 Gen'tHealTran.. -0.074601 26.69146:

15 221.5 219.3 0.05931 0.06006 GenlHeatTran. -0.038411 -1:93663

16 219.3 219.2 00603 0.09i.L.0!I).HealT..n . 03540 -0.1578
27 . 219.2 219.1 0.05945 0.05148. GenlelLran. -0.03511 -0.07655

28 221.5 221.2 006071 .06084 Gen HeaTiran. -0.04116 -031413

19 .. 221.2 2211 0.06080 0.06084. Gern Heal Tra. -0.040S6j -0.08843

20 221.1 217.1 006081 0.06226 Gen'IMeatTran. 4).03480 -3.56619
21 - 206.1 206.1 0.06710 0.08719 .- Adiabatic 0.00000 000000
22 20.0 206.0 0.06698 0.06698 AdiabatIc 0.00000i 000000
23 20j. 0 206.0 0.06621 0.0616 Adiabati 0.000 000000
30 368.6 3586 003183 0.03183 Adiabatic 0.00000, 0.00000
31 22.5 -22.5 0.05931 005931 Adiabatic 0,00000 0.00000

All Junction Table -
Jut Nare Massalow dPStag, - PStag. PStag. PStat PSiatic

ThruJundiln Tota In Out In t

sorn) (in. H20 std.) jI . H20 did. (9)) (in. H20 sMd.(of) fIn. H20 atd.g l in H20 ajd_(g))_:
H AEP n Pes278.91, 0.000000 0.00000 0.0000 0.0000 - 0.00001

_0HEPAlet02-0101 26.91 1.412121 .0.43254 -1_.8446 ___--5-- |99 .. 9,8261

Area Chanqe 276.91 0.060672 -1.92251 -1.9832 -2.06050 -2.69512

0]
A5-524
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AFTArrow3.0ulput (4of5) 3/25/2006
DMJMHN

AFT Aow Model, OTS Bypass System T-H Model Case 3 (OTiy FMters. N I 1508, tISF AmIent, HT)

Jc Name - MassFlow dP Slag. P Sag. P Stag. P Slaic PState,
TRuJuncfioa Tatel In Out In

...... C g.H20sd.- n. g)).Ir.I2.(Id 1)) i C s(9), N2OStd.s))
4. Aroa C g 2791 01.... _. -. a_ _ 39! .4366 -..3.972
6 AreaChane 276.91 0.061059 - -3.9412 4.01880 -4.6574
6 ECVPlenm 276.91 1.074394 .4.24902 -5.3234 -4.96576. .6470
7 AeaChanqe 276,91 0.038586 -5.44616 -5.4847 -5.75713 .6.1339

8 TesorWye N/A 0.0000W0 -6.1275 -6.1276: -. 5091 -

9 TeeorW NA Seatosses -6.1737 -6.1737 -638114 .6.3811
10 HV-901 22432 0.162371 -6.16752i .6.3299 -. 35673 -0.5192
i1 TeeorWye N/A Ses -oses .6.3444 -6.3448 .45194 -6.4519

12 W-902 52.16 0.009923 .6.34474- -6.3547 -6.35492 .6.3649
13 Te orWe N/A Sea Losses . .41744 -6.4174 .6852: -6.6856
14 TeeorWye N/A 0.000000. .7.5403 -7.9540 -8.23802 -8.2380
15 V-166 705.461 0.217844. 4.49733 .&7152 .777g 4.9958
6 HEPAFiler 1360IS? 705.48| 3.925915 4.84685: -12.7728 -9.A2731 -13.0561

17 N31-130 705.46 -14240259 -12.1136 1.4289 .13,09455i 1.1515
18 - Backdraftfnloer 705.46 0.255927 12378. 1.12 1962_ 7.2101
19 V-167 705.46 0.215057 1.10994 0.8949 0.83308: 0.6179
20 A" Pres 705.46 0.000000 0.00000 0.0000 0.00000 0.0000

A1rnPs 428.55 000000 0.00000 0. 000 0.00006 0.0000
22 Heater-&HEPAFlter 428.55 1.219023 -0.03017 .1.2492, -0.04905 -1.5793

V-178 428.55 4.523109 -1.26F68 -5.7918 -1.59879! -6.1258
To~nOGTS]- 0.00 0.000000 -6.12756 -6.1276 -. 12756 -6.12761

31 ToTrBHEPL . 0.00 0.000000 -7.95403 -7...9540 -79540 -7.9540

t dS Sag Ttag.TSta s 2 Hio. 8an. .l- ttliT Hstoit SOed
I Inret -11oe In Out Stag. In Out ; n Out Area

- (deg. F) ! (dog. F) (do. F) (dea. F) (do . F) atulboa) -stad nm .ltua ; irtuA l bm (euAbrme (feoQ)
- o.0000001 -115.0; 116.0 1s.o[ 116.01 0.000 206.1 206.1 206.1  206.1 0.007734.

2- -o: ,5971. i1s. 115.o[ 114.91 114.91 0.000 208.1I 206.1 206.1 206.1 0.007742-
3 -0.000362 115.0 11S.I 114.91 114.7; 0.000 206.1 206.1 206.1 206.0 0.007771
4 .m2441 11A.. 115.0 14.7! 114.9 0.000 206.1 206.1 206.0 206.1 0.007807
S -0.0003662 115.0! 115.0 114.91 114.7 0.000 206.1 206.1 206.1, 206.0 0.007810
6 760.0000153 115.0 875.0 114.7 874.7 -187.755 206.1 393.8 206.kI 393.7 0.007818
7 0.0001221& M 22.5 822.51 822.3 822.0 3.0 380.7 0.7 380.6 350.6. 0.011753
B .0.0 w 734.it 734.1[ 733.7 733.7 N/A 358.6 358.6 358.5 358.5 N/A-
9 O.0DDOO(X 4 730.4 730.2 730.2 N/A1 357.7. 357.7 357..7 357.7 N/A
10 0.0000001 723.1 723.1 723.0 723.01 0.000! 355.9 355.9 355.91 355.9 0.009173
II 0..000000! 715.2 715.2 715.2 N'I. N/A! 354.0. 3540 339 353.9 N/A
12 0.0000000 21.7 72-.7 721.7 721.7 . -D 355.6 355.6 355.6i 355.6 0.002130
13 0.0000000 299.5 299.5 299.3 299.3 N/A! 251.2 251.2 .251.21 251.2 MA
14 0.0000000: 178.1 178.1 178.0 17.0 NIA 221.5 221.5 221.51 221.5 N/A

156 100091 2192 0000107
15 -0011 169,3 1.61.3 - .2 169.2 0.000- 219.3 219.3 21 . -3 0021071
16 -0.0025635 160.8 168.8 168.7 168.7 0.000 219.2' 219.2 219.2 219.2 0.021081
17 10.072876W 168.4 178.5 168.31 178.4 .2.450 219.1 221.6 219.11 2215 0.021293
18 -0.0001221 177. 177.1 _17.0 177.0 000' 2212!. 221.2 .221 221.2 0.020075
19 -0.0001831 176.7 176.7 176.6. 176.6, 0.000 221.1! 221.1 221.1 221.1 0.020682
20 0.0000000! 115.0 115.0 115.0! 115.01 0.00!1 208.1 206.1 206.1 206.1 _02_0472:

21 0.00000 115.0 115.0 115.0 j1l 0.000! 206. _2066 206. 208.1 0.011969
22: -D0.011597: 116.0 1I. 115.0 119 0.000 20.1 206.1 206.1 206.0 0.011970
23 -0.0036621; 115.0 115.0 114.91 0.0001 205.1 206.1 208.0 206,0 0.012007
30 - 0.000000 734.1 7'4. 34.11. 734.1 0.000 - 350.6 358.6 . 3586 0.00Q99,
31 .00800001 178.1 I . 170.1 . 178.11 178.1| 0.000 221.5 221.5 221 221.5 0.000000

Jundlo LossTatle
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AFTAow3.O0utpt- (50(s) 3/2512006

AFTArow Mode 0GT ypassSysteHT4tModelCase3(DtynFIftms.,NYB 1508.115 F enblt. HT)

JI Pip Ppe dP Sqag.Toul -

_.1.Lir. inA42Osd -

P8S Out 0.OO0i-
PS in 0.0mi
P9

t 
Out 4O.Ol 2 .O0

Pil Out 0.173
It Plli In 4478E04-

P13i Out 0.0
P12, In -0.02276;
P13 In 0.0144
P14 Out . 0.000
P23 In 0.3046

14 P14! In 0.000
Pi5s Out 0.00

PMI! Out' 0.000

A5-526
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AFT ArTOW.0Inpt (I of 6) 32512006 10.31 AM
DMJ5&1+N-

AFTP.MoWModet, 0GTS passSystemT
4 ModelCass 4(DOtyF tsrs.N4YB 1508. 115'FAmdbaen,HT)-

TiteFA n ow Model OGS Bypss Syslam T41 Model Cas 4 (Dny FiltasYB 1508, 115FAmbientHT) -

Iputilo: Re:ptbmoonstratoB kV lFIscal Year 2006 Wokalculptios"GTS Bypass Thermal Hydtss Analyss\Work Fi8sIBypass Ro 8
mncl Pipe Re I Case tar-

Number Of Pipes, 25
Number 01 Junclms= 25

Leng% Mach Solutlion Method WTh Mach mber Limits
Legth Sep Size 12Inches --
Mach Nmber lmcrement 0.01
Pressure Tolerwce= 0.0001 relative change
Mass Flow Rate Toeance= 0.000 etve change
EnthapyTleraoe= 0.0001 relative change-
flea Relaxaton (Automatic)
Pressure Relaxation- (Autoalic)
Resistance Relaxatlome (Automatic)

FluIdDatabase:AFT Standard-
Ftld;Ar -
Max Flid Temperature Daa 1000 dg. K
Mn Fluid Temperature Catac 200 deg. K
Molecular Weight =28.97 amu
Gas Constant=8.068SS Btupbrn-R
Critical Pressure =37.25 atm
Critical Temperature -132.41 deg, K
Acentric Factor-=0.021
Equation ol State Redlich.Kwong
Entsalpy Modepz Generalized
Specific Heat Ratio Accuracy= High
Atmospheric Pressur.= 14.3 psia
GravitationatAcceleration I If
StandardPressure 14.69 psia
Standard Temperature= 60 deg. F
Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Ncmber= 2300

pe Name Pipe Length Length Hydraulic Hydraulic Friction Roughness Roughness Losses(K) Iri Flow
Deffned UnAIs im$ D Diam.ni.s D~alass. Unit.

I pipel. Yes .,4 infohes 6.065. inchea UPeclfed, O.W015 fast 2.931
2 peal Yes 104 inches 6.05 inches! Unspecifled 0.00015 feet 0.21 i
3 3 FE Yes. 13 inches 4.028 inthesi Unsoeciied 0.0 015 feet 1.6351
4 Pqpe Yes 30 inc 0es. 6065 - tsr Unspeciri 0015 fee 0.161

i PIpe Yes 22 iches 4 25 inces Unspeciied OO -5 feet 03i I
6 Pie Yes 72 inches 6.065 inches Unspeciied 0.00015 feet _.1_

7 Pipe Yes 141.5 iches 5.047 indies Unspecilfed 0.00015 feet 0.47i
?.8.. _ .ae.. Yes 6 aches 6.065 inchesj Unspecified 0.00015 ee 0.141 ..

9 Pipe Yes 10.5 ichus 6.065 inchest nspecifled 000015 fee .0
S Pipe Yes 8 Iches 6.065f inches. Unspecfied 0.00015 feel 0.o4l

11 Pipe Yes 6 Hat4es 6.065 nchesl Unspecfied 0.00015 fee 0.05
2 .. Pipe Yes ... 12 i --- 6. -- inches Unspecified 000015 . feet 12279f

.3 Pie Yes 251 inches 8,322 inches Unspeciied 0.00015 feet 0.11
14 peI- Yes 1969 Incihes Unspenied 0.00015 ieet 0.77 .

Pipe I Yes 277.5 eches 8.329 . inches Unspeoied 000015 . cii 132
6 _ Pipe Yes .. _I inches _8.2 inchest ynspeoed -0,00015 feel 043.

14 Pipe Yes 12 inches 8.329 indhes Unsoecilied 0.00015 fet 0.11
18 Pipe Yes 42 indies . 8.329 . ichosu0speciiie 0.00015 feet!

1 Pipe Yes 12 inches 8.329 inchesUnspeafied 000015 feet
20 Pp Yes 564 inches 8.329 inchesl Unsoecilied 0.00015 feet 2.041

1. pip. Yes. 104 inches 12.39 iches Unspeired 0.00015 . feet 1.42
22. pe. Y inches 6.0 inchest Unspecified 000015 feet 04
23 PipeL Yes 28 iches, 6.065 inini. tinspedfred 0.00oS. fee .

A5-527
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AFT now3.0nsput (206) -SM2 1031AM
-rIMH+N -

AFT Arew Model. OGTS Bypass System T. Model Case 4 (Dlty Ftes NYS 1508. 115 'F Ambient HT)

PIpe Name PIpe Length Length tydrasik Hydreuli Fricton Roughnes Rouglwess LeasesK n halFlow

De ed .* Jntt Dilrg .lieni,._ Dd-~...t .. _ _.. _Units.

o P3p0 Yesi 0.5 feet .047 Inches Unspecedr 0.00015 feet 0
31 _ (qs le . 5 .lg . t ....... hs Usesdi 0005 fe

Pip lt= Jenctions Geometry Matedal Sine Type Thermal A bentTemp.
I I i ) h Boundary

2 _Cyindga*Ps _SainlessSteel -Inch sdhedule.4O . Adiaba ...
2 2 3 CytMidcaIPie StalnlessSteel, Gnch sdhedtde40 AdlebaS&

3 3 ,4 CylfidiclalPipe StoerSlel 4 c schedute40 Adlabetic

4 .4 5 Cda P. S We l 6inh schedule 40 AdIabatc
5.$ CylincdricalPIe -Unspediled I - Adlsbtsi
6,7 Cvlndricalpioe StailnesaSleei cinch sdsedulo40 GeneralHeetTmr.afet 115

7,8 CylIndlicalPipe Sislress S"eeI t .inch sdcedule40 GeneralHeeRansfet 15
8.9 CyinduicatPipe Stal.nm Stee! Sinch _schad.e40 GeneralHeatTranser 115

9 9107 CvlndricelPiee SlakessSeitilh sclhedule40 GeneralxeatTranafer 115

.1 Cy-StcAtYis- ._a3s@) I 6 inch

12 12.11 CvlnddealPle Stainless Stee- -nch

-13 14 Cyl4'drlalPlpe StainlessSeel. 83nch
115: Cyrindd~EtipAe StainlessSeel: 8inch

15... . . 14.16 C~drjfip~a St!iness Steel Sinch
1- 16.17 Gylodlcaipe. SajtnimseeI. n

- 1 67Cy4inddca-Pipe. StlalniessSge#.L83I51
18 19 CylncalPpe.StainlessStee _8Inch

20 19,20 cylindried Pipe ._Stih!FnlE.Al _8_tr.

2 . 2. 2 Cylndrlca4iipe Stainless SteetL _inch

22 223 Cyindziaa!ipe _Stainlessfjeel..

3 23 13 CylindricalPipe StinlessStee. 12 t

20 8 30 CyinricalPp Siasilest Sled 5 inch
3 14,31 CylindricalPipe I Slainlets Steel .8inch

Pipe Ambent Temp. Special
Uts.. Condlion

None
2 None

3 . .. _ _N e
4 None
5 None

6 tde.IF None
7 degF- None
a deg. F None

9 deg.F None
10 deo.F None

2 deo F None
13 deq None

14 d I.F None.
15 deL.P None
16 - deg None
17 deg.F None

18 deg. F None
19 de.F None
20 leg.S None

21 None
22 None:
23 Nene

sM eule 40_ General HeatTransfer 15
_dsedule4Ol Geerale H eatrnsfer 115
schedule4QI Genteral~eetTranster' 115
schedulje General HeaTrarsfer 115
schedteO ,General Heat Tranfer 115

_schedule_10. GeneralHeat Transfer 1'S

schedule 10 .GeneralHeatTrasf!er.

schedule1 _Genera e -Transfer 115
schedule10 GeneraHeatTransfer 15

.schele10 GeneralHeat Tranfer 115
sce;dyiej10 Genera Heat Transfer 15.

.schedule.10 AMiaba ic.

schqdule 40 Adiabatc
sch!edule40 [ dtal!c

scheule4f Idiabli~
schedule t Adiabalic

A5-528
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AFTAsrow3.0Input (4-of6) - 3J2500060-31AM
DMJMH+N--

AFTroW Model. OGTS BypassSysesn T- Model Cass48(DrtyFilrs, NYB ISM 115 F AmbleatfNT)

CapreasorFan Dep.Vad4ab Comp)FanCurve CompiFanCurve'CompifanCurve CompJFanCurve CompJFa.Curve
Units Constarta COnsIant5_ Constic Constanb Constnit,

17 bvH2ostd.9 2.571429E-031 -2285714E.06 0 0

CompresaodFanj Rott Fow Runout Flow Added P75ss. Speed Conkrol oi 0toi n Cmrs

Rate Rate Units TvP Disdhate OlschargeUnits Exceeded Ont Process

- Sa IN[ ... ....

Dead End Table
DeadEnd Mast Object Eevaion Eltevation nitialPressure initialPressure Database -

Defined: Units Units Source

30 ToMsInOGTS Yes 0 teet
31 ToTrainBHEPA Yes 0 feet

General Component Table-
GeneralComponent Name Object Elevation Elevation InItial Pressre IntalPressure Database Special

Delined Units UnSits__ Source CornditionL

2 HEPAFi1terND2-IIO Yes 0 feet Non

16 HEPAfterI3WI37 Yes 0 feel None

22 , HealerS tEPA rittet Yes 0 ............... V Nona
... - - - - .. - . .......... . . . . . . .i L

GeneralComnponent oss Loss Independent I Ind. Variable Dependent ep.Vaeabe Lose

Mode. Vale- Varable Units Van-able - ns Contant a
2 General Polynorial Variable Vol.FlowRat& -irtmin PressureLoss ir 120std- -. 1SSS17E-17

G wnrAtl PjOynqmia. variabe_ Voilw Ratet Itanin Pressuetossl in H2Osi &475221E-17

18 . r gAD iynhot. Varib4. Vet. Flow Rate _f n _Presuraetoss in. H20 std. 7.92378E-02.
GeneralPoynoial Vedable Vol.FlowRate ---i PressureL-s-in.H2Zsld. -2602085E-17

General Component Loss Loss Loss Loss
Consantb. Constani c IConstantd Constantei

2 000224 o0 01
. 16 4.373333.3 0 0

18 1.687181E-04 3.4618E-08 Q

22 1 0.002502 0 - 0 0

Heat Sxchancer Table--
Heat Exchanger- Name Obect Elevaton Elevairn Ii a sure Initial Pressure Database Special Type

Defined I s - Units Source Condition

6 ICVrenun _e... 0 lee. .. . ... . .... ..-....... - .. _None

Heat Exchanger Loss Loss Independent Ind. Variable Dependent Dep. Variable Less Loss Los

Model Value rbe . Units _ Variable Units 7 Constanta Constant b Consatte

6 KConslant 1.5

HealExchanger Loss Loss
Constant - Constant

6 _

Tank Table
Tank Name

1 Aim Pres
20 Alm Presi

. .. 143 .. psI . .21 , AtaWPreS; Yes - 0 feet _ _ _ _ _ - ...

Object EevatiEle evation Initia prssure iialPressure Dalabase Pressure Pressure

Defined Units Units Source.
Yea .... feetol .. ....... . .... 4. psa
Yesl 0 feet 14.31 i

A5-530
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A5-531

AFn ow 3.0 nput (Sofs) 325 200 10:31AM
DMJMH+N

. APT~rowMOdO. OGTSBypassSystemT-H Moded e4(Piit'Filters. NM 1508,15TFAnblentHT)

TTeperature IBalance! Balance (Pipe#l) (Pipe#2) (Pipe #3) (Pipe#4) (PIpe#S) (Plpo#6)

E on 5K WIOn ,,IOu IJKOMKOI KKfnK A K t!, t KK1n1.W
1 deo.F idol No: (P110.0 -

L2d WtF Not N (P20_4L
21 do, .F No 00 (P21)0.0-

Tank (Pipe#7) 0Pipot) (Plpe#9) (PIpe#tl) (Pipe#1l) (Pipe#12) (PIpe#13) (Pipe#14) (Pipo#15)
K Kt.Kutt K~u Wio 20I

KIn;KO* Kn <Out _Kjn Kout KIn K(tKntKOut u, K~gOut KknKOut XInKOut

.21 _ L _ _ __ _ . . _ _ _ _ _

Tank (Pipe#16) (Pipet17) (Pipe#18) (Pipe#19) (Pipo#2O) (Ppe#21) (Ppe#22) (Pipe#23) (Plp#24)
KinKOut KnKOut KinKOut KnIKOut K n.KOut KinKOut Kn Out Kn.KOut

21L t_ .

Tark(Ps, 25
- KI.,K-Wu -

21

TeeorWyeTable
Tee or Vy Name Object Elevation Elevation Initial Pressure. tial Pressure Database Tee/tye Loss

Deineed Units Units Source T TTO
8 TeeorWye- Yes 0 feet Round sthC Detailed

9 oseorVe Yes 0 feet RoundStra ht Detailed
_I TePye es .. . . . ... .t. . RoundstraightdDetailed

13 TeeorWye Yes 0- lest Round-Strai Detailed
14 Too or We Yea 0 feet Round Straht Detailed

Tee or Wye Anle Mos

inA, 8, C

11 30
13 45

.. .14 135

Valve Tabj5
Valve Name Object Elevation Elevation Initia Presser. nItiaiP'essure Database Vspeias - Ext Exit

Dcefied Units Units Source Conditon Valve Pressure
10 Hv-91 Yi s 0 - red Closed No.

12 HV-2 Yes 0 _ eet .. ,._Closed. No
Yes 0 t~eti................... .............. oe N

Is V-1§56 YE aIet ....._q
19 V-167 Yes o e None No

23 V-1,8 Yes 0 feet None No

Vae Exit - CdA CM Loss Loss Independent rid. Ventbe Dependent Dep. Vatiabe Loss
Pressure Units iUnlis Model .. lu Variable Units Vardable Units ._Constanta

10 CuConstant 1194 -

12 CvConstant 1194
15 Cv Constant 2440

CyConbant. 244.
23| Otett so
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A5-532

AFT~noW3tnpuVI (Gof 6) -- -- 3f25I201l:3tMAM
DMH+N rowModst OSTS8yp nTM odel Case 4 (DhrtyF ers, 1 1 i5FAoblt HT)

Valve Los. oss jLoss Loss
_. swit. ConstanteCon!st.d .Coosant -

10 -

19 -
23-
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A5-533

AFTArow 3.0Output (1ids) 32512006
DMJMH.N

AFT Arrow Model. OTS BypassSystemTM ModeCase 4 (Dirty Fiters, NYB 1501,115 *Ambiean HT)

Tit:lesAFTAiOVWModel, OTS Bypass System TM Model Case 4 (Dirty Fiters, NYB 1508, 115*FAblentIT)

Analys runon:3251200610:2955 AM
Appication version: AFT Arrow Version 3.0(2005.09.14)
Input File: MBemonsbalonBlk VMfIscaIlYear2008 WorkcatCsatios OGTS Byass Thermal HydrauicsAnalysas\Work Fifes\Bypass Flow
Inch Pipe Rev 1 Case 1.aro

ExedutionThme 12.84secords
TotalNumbler OPressures terations 0
Total Number O Row Berafions 5$
ToW Number Of Enthalpy lteratlons 56
Number OfPipes=25
Numbter 0' Junotleose 25
Matrix MeUod= Gaussiten Ehminaillen

Length March Solution Method with Mad Number Uimits
Length Step Sixe= 12 inches
Macta Number Incremen 0.01 .

Pressure Tolerance= 0.0001 relative change
Mass Flow Rate Tolerarce 0.0001 relative change
Enthalpy Tolerace= 0.0001 relative change
Flow Relaxaftone (Automate)
Pressure Relaxawies (Automatic)
Resistance Relaxateion (Automatic)

Fluid Database: AFT Standard
Plid: Air
Max Fluid Temperature Data= 1000 deg. K
Min Flutd Temperature Data, 200 deg. K
MolecularWeight2a.97ama
Gas Constant =0.05856 Stuflbm.R
Critical Pressure =37.25 atm
Critical Temparature =132.41 deg. K
Acentric Factor 0.021
Equation of Sate= Redlidh-Kwong
Enthalpy Mocdel= Generalied
Specific Heat Ratio Acuracy = High
Atrospheric Pressure= 14.3 pais
Graviational Acceleraion= 1 g
Standard Pressuen 14.696 Psla
Standard Temperalture 60 deg. F
Turbulent Flow Above Reynolds Number= 4000
Laminar Row Below Reynolds Numbere 2300
Total nflow0.7111 lbrsec
Total Outlov= 0.7111 bmhset

TOtal Energy trtiowe 148.2 Bluis

Total Energy Outlova 147.7 Bls
Total Heat Transferred Into System= -0.5443 Btuts
Maximum Pressure is 14.33 psia at Junction 17 Outlet
Minimum Pressue Is 13.7 psae at Junction 17 Wet
Maximum Static Tetperature Is 124.7 degF at Juncioln 17 Outlet
Minimum SeAdl Temperature is 115.0 dog. F at Juncton 13 Inlet

Onomesso/FnS Smmar--
Jt Name Mass Vol. OP UP overalt Speed Overall Comp. SEP SEP

Row Flow Stag. Statei ; Effselncy Power Rato 0 Mass
(setn) (f3t/mIn) (in. H20 sid.) (ln.H20st.) (Percent}) (Pprgyntl Thp) (Percent). (3tse)A(.ynysynL

17 N31-130 558.6  660.1 - 15.79! 15.79 67.40! 100.0 2.395 104.1 NIA. N/A

JW %of
BEP

(Percent)
17 N/A

Valve Summar.



A5-534

RPP-24544 REV Id
Calculation No. 145579-D-CA-056, Rev. 1

Attachment 2
Page 43 of 46

AFr~rowS.0o0 (2o( 5) 3/2522006
- MJWI#N-

- AFT Apow Mode. OTS Bypss System T-H MdelCase 4(DWMyFiltss. NB608 115F AmientHT)

Jt Name -Vave Mae- DPShIg st0i06m Pstatio K ValveStale Cv CvEst.
Type Flw Iiet

(lrii W) -- - -- ---
X1 901. REGULAR! 0.00001 NIoSobmflj .No 'ob e on.Niscbon. Cl seeiyuw4.. NoSo4Jin

X12 Mi. REGULA 0.0000 NoSoe I No SohtionI No-Soluton NoSelion; ClosedByUser! 1,194.0 NoSoluoi,
15 V-166; REGULAR 0.7111- 0.004593i 0.0045951 13.87 0.78101 - Coeni 2.4400 WA

19 V.-171 REGUIARI 0.7111 0.004532 0.0045341 14.32 0.78191 Opa! 2,440.0 WA
3 v.1i BEGULARI 0.71111 0.282496i 0.282908 14.22 13.9251 Ooerv 300.0 N/A

HeaexcjanolrSumary
J- DPo DP DT T T Heat -

I I Loss Inlet Oulet Rat. In
- -. !rsllit L (ps.dl.( _ (eg.F)_ (4tM ) d. _ L ll

Le icVP 01.. N/A _N/A......115:0 ._ .0' -/A

Mle QUIwut Tatl
Pipe Name Mass Vol. Vol. Vel. Mad, Mact dPStag. PSteg. PStag.

Flow Fow Avg I In Out Ilk, #Out Tolat In . On
- esdm -ft3rini ((evtlsac) (teetlmin On. H20 std.) (IO. 20-d. lll On.H20 std. )

- I Pin 0.0 00 0.00 0.0 0.00000 0.00000 0.000000 0.0000 0.00000
Pip .0 00 0.00 . 00 0.00000 0.00000 0.0000 0.0000 0.00000 -

.3 3FEs, 0.0 .0 0.00 0.0 0.000. 0.00000 0.000003, 0.0000 0.00000_
*4 Ploe I 0.0 0.0 0.00 0,0 0.00000 0.00000 0.000000 0.0000 0.00000

S0 0 0.00000 0.00000 0.000000 . .
.0,~.OOO 0. ---------- W . . . .00 0RoD .00000

6. t. 0.0 .01 0.00 0.0 0.00000 0.00000 0-000000 0.0000 0-00000
7- Pip.a 00 .0.0 0.00 -- 00 0.00000 0.00000 0.000000 O.OOOQ 0.0000

p 0 0 0.0 0.00 0.0 0.000 0.!0000 0.000000 0.0000 0.0000
9 -Pipe 00 00 0.00 . 0.0 0.00000 0.00000 O.00000 . 0.0 0.00000

0.0p0 0.0 -D !_ 0.0 00000 0.00000 0.00000 -10.592 0.1
Pipe .0 00 0.00 0.0 0.00000 0.00000 0.000000 00000 .00000

9 Pipe- 0 000 0.00 _ 0.0 0.0000 O.0000 0000000 1 10 1
1.0 oo! 00.00 0.0 0.00000 0.0000 0.000000 10.6592 71.§5917

4 -POI 553.6 653. 28.75 1 ----29. . -456 0.024 1 0.851742 -10.-592 -1.51092

5 Pipe! 58.6 6540.0 2882-173.0 0.048 002463 0.16410: -. 519 -11.82733

-12p1 .6 655, 2.8- 1.
731..00.0264 0.0244 0.076344-11.9545 12.030 1

1- Pip 5506 600 29.07 744.5 0.0243. 2483 0022_439 .14.98 -14918?0
14 Pipel 5586 6444 28.39 1,702.9 0.020.024.02404 0032813 -0.8677 0.83485

19 Pipel 586 644.6 2840 703.6 0.02_405 002405- 0004-36 - 0.625 - 0.62817
20 PIpe 5586 6437! 28.45 19.2 0.02406 0.0403 05203 .27 _ .00260
.1.e 586, N .2.4.. -0.01079 0.02080 0.050975 0.0000 .- 00500

I .PIe. .586 634 3.02-- -3,181.9 0.04529 .04529 032787 1.400 .1672_8_1
19 Flot - 6 (560 6517 54.10 3250. 0.0401 .09462. 033.5 .94925 10.02559

35 Pipe 00 o.! 0.00 0.0 0.00000000000 0.000000 0.0000 0.00000
31 Pioc 0.0 00 0.00 0.0 0.00000 0.00000 0.000000. 11.5109 -11.51092

Pipe PStaflo - stac diStag. T 5mg IStag.. T...a.i Tlai duS.ag. H tag.
In Oul idl ; Outlet In -Out j n

S2 (g)L {i.H0 stPA(g)) I de9. F (deqg. (deg. F) *dg.)..:dmY . (S.tu~En, @1'SY!P)
1 0:00000 0.00000' 000000000 115.0 115.0 15.0 115.0 0.000000000 206.1

2 0.0& 0 0,00000; 0.00000000 6110 0 5.0 62 .0 15.0 0.00000000j 206.1

3 0.00000 0.00000 0.00000000 115.0 15.0 115.0 115.0 0.000000000! 206.1

4 0.00000 .000001 0.00000000 1150: 1150 ...... 115.0 . 0000000000; 208.1

3 o.ooooo 0.00000! 0.Oo0ooooo 115.0 115.0 11.o: 115.0 0.000000000 2051

I 0~00000 0.00000 0.00000000 115.0 115.0 115.0 115.0 0.000000000j 206.1
7 0.011(00 0.0000 0000- 115.0 115.0 115.0 - 11.0 0.000000000J 203.1
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AFTrrow 3.0 0tptU (3015) 3M252006
OMJMH+N

AfTAnowtMode OGTS Bypass SystenT-H Model Case 4 (Oty FIters.NYB 150. 11-FAmbet. HT)

Pipe PSlac PStatic dTStag. TStag. TStag. TStatcI TStatic dHStag. HStagI
n Ol Wet Outlet Mt Out In

tH2ostad)L L y!s3 )) .... flD.--lsdmA. Lde9Fl. Ag.X) (49t DA--nAP!P)nd
8 OOOW_ . 0000!0 _ 0.00004000 115.0 115.0 115.0 150 90000000__ 206.,
9 0.000001 0.000 0.0000000 M 11.0 115.0 115.0 115.0 0.00000000 206.1!
10 -10.65917 -10.65917 -0.00000000 1G 115 0 11&0! 115.0 0000000000 206.1
II 0.00000 0.00000 0.000000001 115.o 115.0 115.0 115.0 0.000000000 2

12 -10.65927 -10.65917 0.00000000 -115.0 115.0 115.01 1150 0000000000 206.1
13 -10.65917 -10.65917 0.00000000 115.0 115.0 115.0 115.O 0000000000 20(.1
14 -10.82083 -11.67274 0.00549316; 115.0 115.0 114.19 114.9 0.001502799 20.
15 -11.672741 -11.9892 - 0.0001831t1 115.0 115.0 114.9 114.91 0.000114531 208.1
16 -12.11647 -12.1924| -0.000O6104 115.0 115.0 114.9! 114.9 0.0000074391 206.1
17 i -15.05904 -15.08148 0.00000000 1150 115.0 114.9, 114.91 0.000009230 209.1
18 0.70821 0.67548 -0.25451660 124.7 124.5 124.7 124.41 .0.02126137 209.4!
19 -0.47306 0.46873 -0.07147217 124.5 124.4 124.4. 124.4: -0.017449771 208.4;
20 0.34320 0.18584 -2.81713W57 124.4- 121.6 124.4: 121.6 -0.087473547 20.4

21 -0.03207 -. aAOMS 0.00036621 115.0 115.0 115.0: 11.0 0000000 00 206.1
n 420178 -2.23402 0.00000000 150 .1150. 1 114.3 0.000000000 206.11

23 -10.06571 -0.59959 -0.00042725 115.0 115.0 114.8 114.8 0.00000000.0 206

30 0.00000 0.0000( 0.000000 15 10 115.0 115.01 0,000000000 206.11
31 11.51 2 .- 1151092 -0.0.000 .._1150 115_0 .115. _115.0 0.00 00L. 206.1

Pipe HStag. HStatic H Stat Rho Rho Stag. r HeatTanfe HeatI Heat Rate
Out In Out Stag.In Out Model

Bulbun) (tuilbm) lBleatm) -I betI3): tbm _ _ (Stu/s-fl2) (Oluli)

; 206 206.1 206.1 0.06719 0.067191

206.1 006719 0 0719

206.1 0.06719 0.06719
S2964 0.06719 006719

.206.1 O.m19 g1
206.11 006719 071

2.1006719 0.96719
205.1

20601

206.1
206.1_

.0.06Y19 0.067.19.
0.06539: 0.06539
0.06 19 0.06719
0.0639: 0.06539
0.06539 0.06539
0 . 39 - 0.06524
006524 0.06519

2 206.1 20.1

3 206.1 2D61
5 206k 206.1

7 . .. 206 1 206
8 206.1 206-

10. 206.1 206.1
I . 206.1 206.1
12 206.1 26.1
1 .06. 206.

:1 . 200.1 206.0

15 - 206.1 206.1

Adiabatic 0.000E+00 0.000000000
Adiabatic t0.000+00 0.000000000

A 0.000 I00 0.000000000

Mi98b05i0 0.000E.00 0.00000000
di.abatic 0.000E.00 0.00000 00
atTen. 0.000+00. 0.000000000

Gen1HeatTran. 0,000E+00 0.000000000
Gnl Heat Teat,. 0.00E+400 0.00000000
Cetl Heat.Tran. i 0.000+_00 0.000000000
G.n' eaWTan. 0..000E+00 0.000000000
Gen' HeatTan. Q.00 0 OD000
Gen1 Heat Tran. 0.000+001 0.00000000D
Geni HeatTrant 0 P00q+90 00 0000 W
Ge1l HeatTran. 2.987|.06 0.001068698
GenItHeat Tran. M.i15E..I 0.000081446

16 206.1 206.1 206.1 0.06517 .oss15 GenlHeatTran. 1.617E- 0. 000005290
17 206 21. 206., 0.06467 t.06466' Gent Heat Tran. 3.010E06 .0.000006563

IS 208.4 206.4 208.41 0.06622 0.06624 Gent HeatTran. -5.789E-031 .0.044180289

19 2084 206.4 208.31 0.06621 0.06621 GenI Heat Tian. *.691E-03 -0.012409204

20 2077 .2083 207.7 I _ 0.06619 W 006543' Gen'HleatTran. .4.770E-03 -0.488088919

22 2061 208.1 206.2 0.967.9. 05719 AabnucH . 0.000+00_ 0.00000000
22 206.1 206.0 206.0 0.06692 0.06 591 Adiabatic 0.OOE00E 0.000000000
22 200.1 206.0 20 .1 0.0662- 0.066491 Adiabaici 0.0000+_00 0.00000000
30 206.1 206.1 206. 006719 006719 Adiabatic 0.00E+00 0.000000000

31 206.1 206.11 201 0.06524 00524] Adiabatic 0.000E+00 0.000000000

AN JTn * .Tal,1

Jkt I Nane MassFlow dP Stag.
rnuJunion Total

PStag. PStag. P-1 atic - PStatic
In Out In Out

scw ) (in. H2O std. in. H2Osd. ar . H20 aId. (q i. H2 std. 1q it H20 ad. to)_
ATPres 0.0 0.0000 0.000001 0.0000 0.00000 0.0000:

2 ._E.!ATerNO2-010 0. . 00000; .A90000 0.00(t 0000 00000

10
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A5-536

AFT Aron 3.0 Output (4 o 5) 3*25)2006
DMJMH+N

AFTAmw Model, OGTS BypaSystem TH Model Case4 (08y F WeIs.N & 1508,Its*FAmblent HT)

Jet Name MFassow dPStag. PStag. PStag. PSIat PS atc
1mruJunc6on Tol In Out Out

- ..e..L o&?Qi!4. j. H2sLi).0011!DMZS s Cd. LLPI _ K. 2Ostd._(g)) (Qn.120s54.39)L.!
1._ AeaCls ..., 0.0! 0.0000 000000. _ 0.000 00000! 0.00!
4 AreaCno~o 0.0 0.0000 0.00000 0.0000 0o.cOo... 0....
5 AreaChiao. g.0 0.0000 0.00000- 0000 0000004 0.0000
8 I CVPlnum 0.0 - 0.00 0.00000 0.0000 000000 0.0000
7 Area Chano 0.0 0.0000 0.00000 0.0000 0.00000 0.0000
8 TeeorWye 0.0 - 0.0000 0..0000 0.000 00m 0.0000:
9 TeeorWye: 0.0 0.01 000000 0.0000 0.00000 0.0000

X10 Ft-O01: 0.0. Nostltion No Solution -10.6592 NoSolIon -10.6592
11-- T.eWy, 00 0.0000 -10.65917 -10.6592 -.10.65917 -10.6592

X12 - . V902? 0.01 NoSolution No Slufon -10.65924 Nosoluston -10.6592.
13 Tee orW e: MA - See Losses -10.65917 -106592i -10.99493 .10.9949
14 TeeeWe-e N/Al 0.00001 -11.51092 -11.51091 -11.67274 -11.6727
15 V5%166 58.61 0.121 -11.82733 -11.9545 -11.98928 -12.1165

16 NEPA ier1361137 558.6! 2.86501 12.03081 -14.8958 -12.19284 .15.0590:
17 _ N31-130; 58.6 -145-914980 0.8677 1 4.10.1,48 078

18 Bakdrdnft arnper 558.6 0.2023 0.83485 0.0325 0.67548 0.4731
19 V17 558.6 0.1255 0.62817 0.5027 0.48873 0.3432
20. A Pr55. 0.0000 0.00000 0.0000 0.00000 . 0.0000
21 Alm Pres 558.6 0.0000 0.00000 0.0000 0.00000 0.0000
22 Heater&HEPAFIter 558.6 1.5891 -0.05098 -- 1.6400 -0.08305 -2.2018

3 V-178 558.6 7197 -1.87281 -9.4925 -2.234821 -10.0687

-_TgigT 0.0 .0000L 0.200 __-_ 0.0000 0.000......,909;0
31 ToTraInBHEPA 0.0 00000 -11.51892 -11.5109 11.51092; -11.5109.

Jul di Sag. T Stag. T Sag. : T Sli On TStalic dH 1 Stag. n j Sag H Stalic I Staft
Inlet Outlet Out Stag. Out Out

(dea. F) (de,.) (deq. F) (dee.) (dn. F) I(ltufmn) (StuLlbm) I (Btuilbm) (Btullbm) IStunbtm)

I 000000000 115.0 115.0 . 115.0 115.0 .0000. 206 2061 206 206.1

2 0.000000 110 115.0 . 115.0 1 1o 0.000 208.1 as.1 . 206.1 206.1

3 0.00000000 115.0 115.0 115.0; 1150 0000 2?f 206.1 26.1 206.1

4 A09900 115.9 15.0 1150 115.0 0000 2061 205.lj 20 23.

5 0.00000000 115.0 115.0_ 115.0 1150 0.000 206 206.1 .206.1 206.1
7 0.000000 115 15.0 115.0 1150 0000. 206.1 206 .. 2051 2061:

0.00000000 - 11_j5.01 115 -15. la ......... ...---. 20.1 .tj
a 0.00000000 115.0: 11.0 115.0 11.0, NA 206.1 2.1 1 26-1 . 6.11

0.00000000 115.0 15.0A 15.0 11O _2056.1 206.1 26 1
X10 No Soution. No Sluion 115,0. No Soutic 115.01 0.000 NoSolution. 206.1 NoSolullon 206.1
.11.ao0000 . 115 0 15.0 __11_... . 15.0 . WA 2 . 206.1 206.1 2061

X12 No Solution. No Soulion 115.0 No Solulion 115.0 0.000 NoSoluion 206.1 NoSolulion 206.1
13 0.0000000 115.0 115.0 114.9 114.9 NIA 206.1, 20.1 206.0 206,0
14 0.0000000 115.0 115.0. 114.9 114.9 NIAI 206.1' 206.1 2061 206.1

1l -0.0o00l104 115.0 1150 . _ 114.9 0001 206.1 201 2061 20
-0.00231934 11P.0. . . 114.1 114.9 0.000 206.1 5. 206.1- 2061

17 9.75256348 115.0 124.7! 114.9 124.7 2.377 206. 2084 206.1 208.4
18 -0.00018311 124.5 124.5: 124.4 124.4 0.00 208.4 20.4 2084 2084

19 0.00012207" 14 124.4 - 1244 o.on 2084 2o84 2003 2083
20 0.00000000 115.0 115.0 115.0 115.0! 0.000 2064 206.1 206.1 206.1
21 0.00000000 115.0 115.0. 115.0 11.01 0.000 206.1 200.1 206.1 2061
22 -0.00158691_ 115. . 115.0: 115.0 114.8 0.000 206.1 206. 2051 206.0

23 -0.006347 0 115.0 115.0 114.8 114.81 0.000 206.1 206.1 206.0 206.0

30 0.00000000 115.0 115.0 115.0 11.0j 0.000 206.11 206.1 2061 20.1

3 0.00000000 115.01 115.0 11_5.0 11 5.0g. 0.000 206.1 _. ..1 2061 206.1



R.PP-24544 REVI
-4 Calculation No. 145579-D-CA-056, Rev. 1

Attachment 2
Page 46 of 46

AFTArowOf Output (5 Of5) 35/200
DMJMH+N--

AFT Arrow ModeL OGTS Bypwss System T-H Modecass 4 (Dkty FRte; NYB 150.115'F AmbInt HT)

3 000000(

4 0.00000
5 0.00000-
6 0.00000
7 0.00000
8 N/A
9 N/A

XIO 0.00000
11 N/A

X12 0.00000
13 NFA
14 WA

16 0.01609
17 0.01621

.10. 1.01,71,18 j 0.1579

21 I 0.01560
22.l0.01.

23 0.01567
30 2 000

S31 0.000001

Junction Loss Tablt
JOt Pipe Pipe dP Stag.Tota

k. Mr. (in. H20 st.)
a P7 In 0.000

P30 Out 0.000
P8 Out 0.000

9 PS In 0.000
Pg Out 0.000

P11 Out 00,
11 P10 In 0.000

P13 Out 0.00-
P12 n 0.000

13 P13 In 0.000
P14 Out 0.000
P23 In- 0.633

14 P14 In 000
P15 . lL _ . 9000
P3i Out: 0.0001

A5-537
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Detais Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

I No Coef.
(in) (in) (in)

ICV Box plenum HEPA filter, 35-N02-0 10,
Stream No. 9

J1 Atmospheric Junction
P1 Inlet Housing and screen 16" square Intake 16 x 16 17.49 CR6- 2.120

with birdscreen, 1/ER3-1
(60% open) S.Stl

Inlet Piping, 6-AA-35- 6" straight duct, S.Stl 6 40S 6.065 64.000 CD11 -1 ARROW
0218

P1 N02-010 Inlet Transition Flanders, Sudden 6 40S 6.357/24.0 ED4-2 0.810
Expansion, 6 dia x 24 SQ
SQ, 180* 1

Total 64.000 inches 2.930
5.333 ft

J2 HEPA Filter, 36-N02-010 Flanders, 0.12' wc.
Pre (0,24" Dirty) at 500

cfm
J2 HEPA Filter, 36-NO2-010 Flanders, 1.0" w.c. 24 x 24 x

(2.0' Dirty) at 500 16
cfm, P-007-W-43-
N2-NU-5 1-23-GG-
DUS I

(A

(A

0
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Comtponent Details Size Scedeule Inside Dia, L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in)(in) (in)

P2 Outlet Transition Flanders, Sudden 12.0 EDI-1 0.500
Contraction, 24 x 6 SQ/6.357

Rnd

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 42.000 CDOI-I ARROW
Elbow No. 1 900 Elbow, R/D = 6 40S 6.065 CD3-1 0.130

1.5, S.Stl
Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 62.000 CDII-1 ARROW

P2 Elbow No. 2 450 Elbow, R/D = 6 40S 6.065 CD3-3 0.080
1.5, S.Stl

Total 104.000 inches 0.210
8.667 ft

33 Reducer 6" x 4", 22* 6 x 4 40S 6.065/4.025" 5.500 ARROW ARROW

P3 Piping, 4-AA-35-0218 4" straight duct, S.Stl 4 40S 4.025 163.000 CD1i-I ARROW
P3 Flowmeter 3 ea Size 1 Annubar 4 Vendor 1.635

flowmleter
Total 163.000 inches 1.635

13.583 ft

34 Reducer 6" x 4", 22' 4 x 6 40S 4.025/6.065" 5.500 ARROW ARROW

a,
a,
A
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Componen Detals Size Sedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

P4 Elbow No. 1 450 Elbow, R/D = 6 40S 6.065 CD3-3 0.080
1.5, S.Stl 7

" Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 6.000 CD11-1 ARROW
" Elbow No. 2 45' Elbow, R/D =6 40S 6.065 CD3-3 0.080

1.5, S.Stl
P4 Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 33.000 CD1 1-1 ARROW

Total 39.000 inches 0.160
3.25 ft

15 Reducer 6" x 4" 220 6 x 4 40S 6.065/4.025" 5.500 ARROW ARROW
P5 Expansion Joint, EJ-501 4" 4 4.025 22.000 CR6-3 0.32

(ICV Box CP)

ICV Box Plenum, Stream No. 9 in, 13 out
J6 ICV Box plenum CPs Inlet and Outlet Crane 1.500

(inlet/outlet) Losses

ICV Outlet to Bypass Tie Point, Stream No. 13
(ICV Box CP) I

P6 Piping, 6-VOG-35-0217 6" Duct w 90* Elbow, 6 40S 6.065 72.00 CD11-1 ARROW
Internal to AWTE

a,
a,
A
M
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Detais Size Sedule Insde Dia. L A2HRA0 AHRAE 7
-Fitting Loss

No Coef.
(in) (in) (in)

P6 Elbow 90' Elbow, R/D = 1.5 5 40S 5.295 CD3-1 0.150

J7 Reducer 6" x 5", 28' 6 x 5 40S 6.065/5.782" 10.250 ARROW ARROW
P7 Expansion Joint, EJ-502 DMvE 5" size 5 4.9 24.000 CR6-3 0.270

"1 Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 24.000 CD11-1 ARROW

"7 Elbow 45* Elbow, R/D = 1.5 5 40S 5.295 CD3-3 0.10
" Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 93.500 CDI 1-1 ARROW

P7 Elbow 45* Elbow, R/D = 1.5 5 40S 5.295 CD3-3 0.10
Total 141.500 inches 0.470

11.792 ft

J8 Lateral Wye (For Bypass 450 Lateral Branch 5 x 5 x 5 40S 5.295 10.000 ARROW ARROW
Flow) Flow, Main Flow

Closed I I

OGTS Bypass Main Ducting from Tie Point to
H EPA inlet, Stream No. 13

J8 Lateral Wye (For Bypass ARROW ARROW
Flow)

P8 Elbow 450 Elbow, R/D = 1.5 5 40S 5.295 CD3-3 0.090

P8 Reducer Standard Reducer, 6 x 5 40S 5.295/6.065 6.000 ED4-1 0.050
5x6", 11* 1 1 1

(I,

a'
(k~
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

J9 Lateral Wye, Forward 300 Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ARROW ARROW
Direction Main Flow

P9 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 10.500 CD11-1 ARROW
J10 Valve, HV-901 6" Keystone, FIG. 6 5.8125 2.250 ARROW ARROW 1194

362-173, Key-Lok

P10 Elbow 90* Elbow, R/D = 6 40S 6.065 CD3-1 0.050
1.5, S.Stl

P10 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 8.000 CD11-1 ARROW

Jl Lateral Wye Reverse 300 Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ARROW ARROW
Direction Main Flow

P11 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CD11-1 ARROW

P11 Elbow 300 Elbow, R/D= 6 10s 6.065 CD3-1 0.050
1.5, S.Stl

J 12 Valve, HV-902 6" Keystone, FIG. 6 5.8125 2.250 ARROW ARROW 1194
362-173, Key-Lok

P12 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDll-1 ARROW

P12 Std Tee 6" Std Tee, Branch 6 40S 6.065 ARROW ARROW
flow

P12 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDil-1 ARROW

(A

(A



0
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Detais Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

P12 Elbow 300 Elbow, R/D= 6 40S 6.065 CD3-1 0.130
1.5, S.Stl

Jl1 Lateral Wye Reverse 300 Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ARROW ARROW
Direction Branch Flow

P13 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CD11-1 ARROW

P13 Reducer 6 x 8 Std Reducer, 6 x 8 40S 6.065/8.329 ED4-1 0.170
190

P13 Elbow #1 90' Elbow, R/D 8 loS 8.329 CD3-1 0.110
1.5, S.Stl

P13 Piping, S-VOG-36-0286 8" straight duct, S.Stl 8 10s 8.329 114.000 CDil-1 ARROW

P13 EJ-635 8" Expansionjoint 8 los 7.900 11.000 CR6-3 0.110

P13 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 los 8.329 120.000 CD1l-1 ARROW

Total 251.000 inches 0.390
20.917 ft

J13 Lateral Wye, Forward 450 Lateral Trough 8 lOS 8.329 10.000 ARROW ARROW
Direction Flow (Air Inlet Bleed

System@ Branch
flow)

PI4 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10S 8.329 138.000 CD11-1 ARROW

Elbow #1 90* Elbow, R/D 8 10S 8.329 CD3-1 0.110
1.5, S.Stl I

06% h wtmI udI owSlMe
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

0, e

Compone Size Schedule InsideDia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

" Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 lOS 8.329 15.000 CD11-1 ARROW
Expansion Joint, EJ-635 + 8" Expansion joint 8 7.900 11.000 CR6-3 0.660
5 others I I

P14 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10s 8.329 1805.000 CD11l-1 ARROW
Total 1969.000 inches 0.770

164.083 ft

J14 450 Lateral 450 Lateral Flow 8 x 8 x 8 10s 8.329 ARROW ARROW
Thru branch closed

P15 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 lOS 8.329 65.500 CD11-1 ARROW
Elbow #2 90* Elbow, R/D 8 los 8.329 CD3-1 0.110

1.5, S.Stl
Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 lOS 8.329 100.000 CD11-1 ARROW

Std Tee Std Tee, Branch flow, 8 x 8x 8 lOS 8.329 ARROW 1.10
main flow dead

Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 lOS 8.329 101.000 CDL1-1 ARROW
P15 Expansion Joint, EJ-615 8" Expansion joint 8 7.900 11.000 CR6-3 0.110

(HEPA Inlet) Total 277.500 inches 1.320
23.125 ft

Y,
ON

-

-,



0

4 t~.
OCTS R~asi~ys\t F$W&b~de ~auuiumu

Component Details Size Schedule Inside Dia. L ASHRAB ASHRAB Cv
Fitting Loss

No Coef.
(in) (in) (in)

OGTS Bypass HEPA HEPA Filter skid
Filter Skid Assembly, 36-D58-

138
15 Isolation Valve, 36-V-166 8" Keystone, FIG. 8 7.625 2.500 ARROW ARROW 2440

362-173, Key-Lok

P16 Inlet Transition Flanders 8 OD x 15 8.329 18.000 ED4-2 0.430
W x 18 H x 18 L, 30*

J16 HEPA Pre-Filter, 36-NO2- Flanders 24 W x 24 14.000
136 H x 14 L, 0.12" wc.

(0.24" Dirty) at 750
cfm I

116 Test Combination Flanders 24 W x 24 20.000
Housing H x 20 L, 0.5" wc at

750 acfm
J16 HEPA Filter, 36-N02-131 Flanders 24 W x 24 20.000 ARROW ARROW

H x 19.375 L, 1.0"
w.c. (2.0" Dirty) at
750 acfm

16 Test Outlet Housing Flanders 24 W x 24 20.000
H x 20 L, 0.5" w.c at
750 cfm

Calculation No. 145579-D-06, Rev. I
Attachment 3
Page 10 of 22

OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

'-A

Cs,
A
-4

A

(St.

C'
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

I No Coef.
(in) (in) (in)

J16 Outlet Transition Flanders 8 OD x 15 8.329 12.000 SD4-2 0.060 .04"
W x 18 H x 12 L, 450  

@
750

_ _cfmn

OGTS Bypass HEPA Filter Skid Outlet Ducting
With Fan to Stack

P17 Si, Piping, 8-VOG-36- 8" straight duct, S.Stl, 8 lOS 8.329 12.000 CD11-1 ARROW
0319 w 8 x 8 x l red tee,

flow thru
P17 Expansion Joint, EJ-616 8" Expansionjoint 8 10S 7.625 CR6-3 0.110

Total 12.000 inches 0.110
1.000 ft

J17 Fan, 36-N31-130 1125 ACFM Fan, ARROW ARROW
NYB 1508, See Data
Below

P18 Elbow 90 Elbow, R/D= 8 lOS 8.329 CD3-1 0.110
1.5, S.Stl

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 6.000 CD11-1 ARROW
P18 Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 36.000 CD11-1 ARROW

I I i I Total 42.000 inches 0.110

oo'

'>
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

3.500 ft

J18 Backdraft Damper SNUPPS Data See ARROW ARROW
Below

P19 Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 12.000 CDil-I ARROW

J19 Isolation Valve, 36-V-166 8" Keystone, FIG. 8 7.625 2.500 ARROW ARROW 2440
362-173, Key-Lok

P20 Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 CD11-1 ARROW

Expansion Joint, EJ-617 8" Expansionjoint 8 loS 7.625 11.000 CR6-3 0.110

Lateral Wye, Forward 45* Lateral Branch 8 lOS 8.329 24.000 ED5-1 0.610
Direction Flow
Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 108.000 CD11-1 ARROW

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 246.000 CD11-1 ARROW

Elbow 900 Elbow, R/D 8 1OS 8.329 CD3-1 0.110
1.5, S.Stl

" Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 34.000 CDI1-1 ARROW

Elbow 90' Elbow, R/D 8 loS 8.329 CD3-1 0.110
1.5, S.Stl

Piping, 8-VOG-36-0319 8" straight duct, S.Stl 8 10s 8.329 144.000 CDI1-1 ARROW

Reducer 8 x 12 Std Reducer, 8 x 12 lOS 8.329/12.39 8.000 ED4-1 0.330
28.50

P20 Sudden Expansion 12 x large 12 x 56 ED4-1 0.880

Total 564.000 inches 2.040

0

(-A
(A

tO
A
(SI
A
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Conmponein D~etails Size Scedeule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

47.000 ft
J20 OGTS Stack 1 atm pressure

121 Atmospheric Pressure
Junction

P21 Inlet Screen 16" Cicular Intake 16 15.624 CD6-1 0.970
with birdscreen,
(60% open) S.Stl

" Reducer 16" x 12" 16 x 12 lOS 15.624/12.39 14.000 ED4-1 0.120
Inlet Piping, 12-VOG-36- 12" straight duct, 12 los 12.39 90.000 CD11-1 ARROW
0409 S.Stl
Elbow #1 90' Elbow, RID = 12 lOS 12.39 CD3-1 0.110

1.5, S.Stl
Elbow #2 90 Elbow, R/D = 12 lOS 12.39 CD3-1 0.110

1.5, S.Stl
P21 Elbow #3 90 Elbow, R/D = 12 lOS 12.39 CD3-1 0.110

1.5, S.Stl
Total 104.000 inches 1.420

8.667 ft

YI,

(A

-4..

C-
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Details Size Schedule InsideDia. L ASHRAE ASHRAE Cv
Fitting Loss-

No Coef.
(in) (in) (in)

J22 HEPA Inlet Transition Flanders, Transition 12.0 dia x 11.250 ARROW ARROW 0.01"
12" x 28" SQ x 28" SQ @
11.25" L, 300  250

cfm
J22 Heater Element, 36-N84- Watlow/Chromalox 2.000

140 0.25" w.c. @ 1000
cfm

J22 HEPA Pre-Filter, 36-N02- Flanders, 0.12" w.c. 24 x 24 2.000
135 (0.24: dirty) at 1000

cfm
J22 HEPA Filter, 36-N02-134 Flanders, 1.0" w.c. 24 x 24 5.875

(2.0" dirty) at 1000
cfm, P-007-W-43-
N2-NU-51-23-CC-
FU5

J22 Outlet Transition Flanders, Transition 6.065 dia x 11.250 0.002"
6" x 28" SQ x 11.25" 28" SQ @
L, 450 250

Total Pressure drop at 1.382
1000 cfm

k/b

4~.
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

.OPTS tzK Bt-"'4 ~~tByI5 hppm Scmu F luid Ilw3oe

Coniponent Details Size Schedule Inside Dia. L ASHRAE ASHRAB Cv
Fitting Loss

No Coef.
(in) (in) (in)

P22 Piping, 6-VOG-36-0408 6" straight duct, S.Stl, 6 40S 6.357 6.000 CDl-1 ARROW
w 6 x 6 x I red tee,
flow thru

J23 Valve, 36-V-178 6" Keystone, 6 2.250 ARROW ARROW 1194
Variable Cv

P23 Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 41.000 CDl1-1 ARROW
" Elbow 90* Elbow, R/D = 6 40S 6,357 CD3-1 0.110

1.5, S.Stl
Expansion Joint, EJ-614 6" Expansion Joint 6 40S 5.9 11.000 CR6-3 0.240

Tee 6 x 6 x 1 tee, flow 6 40S 6.357 12.000 ED5-3 0.260
thru

P23 Piping,6-VOG-36-0408 6" straightduct, S.Stl 6 40S 6.357 204.000 CD11-1 ARROW
Total 268.000 inches 0.610

22.333 ft

113 Wye #1 45* Lateral Branch 6 x 8 40S 6.357/8.329" 10.000 ARROW ARROW
Flow

Fan Curve, NYB Model Test Density: 0.0553 Mechanical
No. 1508 lbn/cu ft

0

Cr,
Cr,
Cr, t.
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv -
Fitting Loss

No Coef.
(in) (in) (in)

Q Ft/ Min dP, IN H20 Std Efficiency,

0 12 67.36
500 13.75 67.36
1000 13 67.36
1500 11.25 67.36
2000 8 67.36
2500 4.25 67.36
3000 0 67.36

Backdraft Damper Ref. SNUPPS 90144
Pressure Drop

24 x 24 prototype For 8" Pipe Area sch 10 Dia.

Vs, fpn dP, inches w.c. Q, CFM sq. ft ft.

700 0.13 264.9 0.378 0.694

800 0.135 302.7
900 0.14 340.5

1000 0.145 378.4
1500 0.18 567.6

2000 0.23 756.7

2500 0.27 945.9

Y,
(A

I,
-A
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTSB - "I'pas "ntmIli lw3o

Comiponent Details Size Schedule Inside Dia. L ABHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

3000 0.32 1135.1
3500 0.36 1324.3

(A
(A

(A
(A

0
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OGTS Bypass External Convection and Thermal Radiation Coefficients

TI = 87 OF Tl emperature End I
Tw2 = 250 OF Temperature End 2

Ts = 562.5 *F Average Wall Temperature

To = 115 *F Ambient Temperature

dT= 447.5 *F Temperature difference

h= 1.45 Btulhr-ft^2-OF Vertical Plane or Cylinder h= 0.19 * dT^1/3

h 1.38 Btu/hr-ft^2-*F HorizontalCyli nder h=0.18 *dT^1/3

h = 1.68 Btu/hr-ft^2-*F Horizontal Plate - heated face up h = 0.22 * dT^1/3

Forced convection, flow across a cylinder (Holman 1990, eqn. 6-21):

-- 0-62Re"2 Pr"3 ' Re.'Nur = 0.3+ D [1 Re0  Re-Pr > 0.2
[I+(04/Prff L' ' 282,000) I

Nufd = 0.3+A*B/C Forced Convection, Nusselt No.

D = 8.6 Inch Dia of Pipe 0.21844 meters

U = 0.1 Mph Free Stream Air Vel. 0.0447 m/s

Ts = 562.5 "F Pipe Wall Temperature 294.72 *C

To = 115 *F Ambient Temperature 46.11 *C

Tf= 338.75 *F Air Film Temperature 170.42 *C

vf= 0.00019 sq ft/sec Viscosity of Air 1.8E-05 sq. m/s

Red = 5.45844E+02 Dimensionless Reynolds No.

Pr = 0.7778 Dimensionless Prandtl No.

:1;.'
(A

(A
(A
ON
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OGTS Bypass External Convection and Thermal Radiation Coefficients

Sr1 a\ 1 o lo9, 7

'3, 0.16(tf-ta hra Cnutvt .23Wm'

>b
Y,

-J
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OGTS Bypass External Convection and Thermal Radiation Coefficients

424.57 The dimensionless numbers are:

Nusselt. -, a or -u

k' kp0 (T)'gppcATD

Rayleigh. R04 g 6 - p c,(aT) or Ra, - -- T
v -k, v -k,

Reynolds,. Re, V or Re, - Z7;

Prandt, Pr > p G

A= 13.322 B= 1.016 C= 1.132

Stefan B = 1.714E-09 Btu/hr-ftA2-RA4

emiss = 0.65
Nufd = 12.26 Dimensionless Forced Convection, Nusselt No.

Nund = 67.50 . Dimensionless Natural Convection, Nusselt No.

Nut = 0.3 + [(Nufd- c)Aj + (Nund Ic)^jI^(/j) Combined Forced and Natural Convection, Nusselt No.

c = 0.3 for Horizontal cylinder

j = 4 for Horizontal cylinder

Nut = 67.52 Dimensionless

he= 1.38 Btu/hr-sq.ft-0F Combined Convection hc= 7.81977 Watt/sq m-*C

c

t
t'J.
(A

A

0.
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OGTS Bypass External Convection and Thermal Radiation Coefficients

Radiation comp2onent: 
t/Ut

Stefan B= -1.714E-09 B 2-hr-ft^2-R^4
emniss = 0.65

hr = 2.45 Btu/hr-sq.ft-0F Th Radiation Coefficient
ht = he + hr Total HT Coefficient

ht = 3.83 Btu/hr-sq.ft-*F Total HT Coefficient

q = 1712.29 Btu/hr-sq.ft Specific Heat Loss
A = 2.25 sq. ft for cylinder 1 ft long
Q = 3855.18 Btu/hr for cylinder 1 ft long
Q = 1129.84 Watts for cylinder 1 ft long

Q = 1.13 KW for cylinder 1 ft long

(A

(A
(A
'~0
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Standard Sizes and Capacities

Flanders manufacturesstandard square
and rectangular Nuclear Grade fiters in
a variety of sizes and capacities. (Sizes
and capacities for Round and Nipple-
connected filters are listed in their
respective sections in this bulletin.) The
type (PUREFORM or Separator-Type)
and depth of the filter element is a
primary factor in filter capacity.

NOTE: The maximum allowable rests-
(anceat tthexominalRatedCapacityis 1.0
indcwg. (or1.3Inchwg. for certain sizes
listed in ASME AG-1, Section FC, Table
FC-4000-1).

Pack DepTh .

I
Available Filter Sizes and Capacities

11 inch PUREFORMN Filter Element

'4-j) -

4 inch PUREPORM~ Filter Element

t~st~Wt~AQt ~ ~ 7% >J3~W9. 'K
>~6~O~f 4tt~4$< Izt< '4W4~ > *' 126 wt3 We A

tt
,, a<4

-' *2

* 500
4* ~'3

4-OAttj'2& 3d' r5 625 ' 10 w~ 2
7

0
A5-562

-

A
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The New York Blower Company
Fan-to-Size
Fan Selection Data I

Fan Design
Product Pressure Blower Arrangement 8
Size/Model: 1508 Drive Ivue: Direct
Wheel Type: Steel
Wheel Material: 316 SST
Wheel Width: 1 100.0% Wheel Diameter 100.0%

Operating Conditions
Volume Flow Rate: 1,125 CFM Fan Speed: 3500 rpm
Fan Static Pressure: 12.8 in wiq Fan Input Power 3.49 bhpt
Outlet Velocity- 3223 ft/mIn VP/SP ratio: 0.0374
Altitude (above mean sea level): 360 ft Operating Temperature: 250 Dea F
Operating Inlet Airstream Density- 0.0553 lb/1f3
Static Efficiency: 64.93% Mechanical Efficiency: 67.36%
Maximum Operating 250 Deg F Maximum Safe Operating Speed: 4000 rpm
Temperature: I

Standard Conditions
IVolume Flow Rate: 1125 CFM Fan Speed: 3500 rpm
Fan Static Pressure: 17.4 in wa Fan Input Power: |4.73 bhp
Density at Mean Sea Level: 0.0750 IbIft3 I Max. Safe Speed at 70 Dec F: 4000m

Sound Power Level Ratings Leis expressed in dIB (power levels reference 10^(-12) watts)
Center Frequency (Hz): 63 125 250 500 1000 2000 4000 8000
Octave Bands: 1 2 3 4 5 6 7 8 lOverall
Total Fan Power Levels': 88. 95- 95. 89. 85. 83. 78. 76. 99.2
Inlet Power Levels": 85. 92. 92- 86. 82. 80. 75. 73. 96.2
Outlet Power Levels : 65. 92. 92. 8. 82. 80. 75. 73. 96.2

'As corrected for point of wperatbon (location on fan curve)
"%'nsiltnced Inlet and Gutlet poer ratings are 3 dB !wer than total fan power levels under the ast pt-on that 'ba! of the sound power can be
attributed to each opening. Silenced power ratings include this 3 dS reduction as well as the silencer attenuation.

Estimated Sound Pressure Levels Expressed in dB (pressure levels reference 2xIO- microbar)

DirectivityfReflection Factor (0) is 4, quarter-spherical radiation; Distance is 5 ft.; A-weighting is in use.

The estimated sound pressure level outside the fan due to an open inlet OR outlet is 80.6 dBA at 5.0 feet. The
estimated sound pressure level outside the fan vhen BOTH inlet and outlet are ducted is 69.1 dBA at 5.0 feet
(Housing Radiated Noise).

Your Representative:
Baxter Air Engineering
12625 NE Woodinville Dr
Woodinville, WA 98072-8206
Phone: (425) 486-6666
Fax: (425) 486-8260
E-Mail: baxter@baxair.com

Printed: OUlh!2006 PDFVersion: 11:1CiQ-R (Feb, CI?)

A5-564

Proect:
|Location:
I Contact I



Pressure Blower
1508 Steel
Arr.: 8

The New York:Blower Company
Fan-fo-Size

Volume Flow Rate: 1,125 CFM
Fan Static Press.: 128 in wg

Speed: 3500 rpm
Power: 3.49 bhp

Temp.: 250 Deg F
Altitude: 360 ft

Density: 0.0553 b/ft3
OutletVelocity: 3223 ft/min

--

Itatc \Press
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S10.0

Uu) 7.5

5.0

C

2.5

0.0
I--I I li . I I II I I I I I II

stem Curve

1000 1500 2000
Volume Flow Rate (CFM)

[.7t.1000-R -- Feb, 2002] Date Printed: 1/19/2006
Copyright l0 999 The New York Blower Company.

Vuisiun: 1.71.100-R FO, 2002)
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Your Sales Representative:
Baxter Air Engineering
Phone: (425) 486-6666
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TYPICAL PRESSURE DROP AS FUNCTION OF FLOW VELOCITY FOR AWV MODEL
NBD-71 TORNADO INTAKE DAMPER PER AMCA 500, FIGURE 5.3 FOR INDUCT
MOUNTING.

REF.: SNUPPS 90154; 24" X 24" & 42" X 42" PROTOTYPES

NOTE:. ACTUAL PRESSURE DROP MAY VARY DUE TO DAMPER CONSTRUCTION
REQUIREMENTS. -

ii 4'
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Pt Desig

FITTING LOSS COEFFICIENTS
Finins to spPr Ex#ples6 and7 d resomv of the mro onow ttingnw
For the coplate fit dg database sft the bad NOing Database (M

ercpAntdlerc
HRAE 2002).

ROUND FITTINGS

CD3-1 Elbaw, Die Stampcd, 90 Degrb'Ir

P,im. 3 4 5 6 7 a 9 10

C, 030 0.21 0.16 0.14 0.12 0.11 0.11 OL11

CD3fEbb ,D14 SlAmped, 4 Degmremr/- Is
a, 3 4 7 a 9 14 5

C 0 13 0,1 o 0.07 rQ7 0.0 7- m 
>

D
A

r

CD03-5 E 1ow, t' ikd, 90 Degree, r'D - 1.5
b i.. 4 6 it 10 1 14 16

0 1.7 0a4: .34 02 026 0.25 0.25 -9T
D l//Z

0
A5-570
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DuctDesign

CD344 Elbow, 3 Gore 45 Degre r/D - L
Ain,. 1 . . 12 15 18 21 24 27 30 61

C. 0,3 0.7 ,13 011 D.1I 9.09 D" 0.03 0.7 0.07 A01

CD3-I7 Elbow, Mitertd, 45 Durce

D, In. 3 6 9 12 15 Is 21 24 27 6D

C, 0434 0 34 0,34 34 034 0.34 034 0.34 04 0-34

35.29

I-

45'

D A
A,

CD6-t Screen (Only)

A,4 0.36 0.35 .40 M 0.51 055 0.60 0.6 0.70 9.75 6.30 0.O L0O

02 15.00 l*2,507511055D041 .2530245 18 5 I W 01. 30 3 350 (oLW
03 68.39 45.36333324.441.33 34.001078 8.33 6.44 49 36 LSG 0.0
0.4 38.75 25.63 11.75)3.7510.31 1.83 6.D6 .4.69 3.63 2.5 2.00 0.S8 0.00

03 24.80 16.4 2.0 3.30 6.0 1-04 3.3& 3.00 23a L26 1.23 0.56 0.00
9.6 1722 11.39 K33 6.11 4.53 150 2.69 2.05 1.61 1.22 0.*') 0.39 .AO

0.7 12.65 83? 6.12 4.AW 3.37 .7 i.98 1.53 S11 0.9A 0.63 0.2) 00
0.3 9-69 640 4.69 l.44 25 5.97 !.52 .J7 0.91 X.69 0.30 .22 000
0.9 7.6 5.06 3.20 2.2 2.04 16 1.20 0.93 0.72 0,54 0. O17 040

.0 6,20 4.10 3,00 2.20 1.45 1-26 0.97 a175 0.51 DA4 032 11.14 0.60
1.2 4.31 235 238 .53 W.5 0.8 0.61 0.32 f40 031 022 010 004

A 3.16 209 153 12 014 064 0.49 038 030 622 016 007 01
.6 2.42 160 1,17 0.s6 *At 0A9 0.3 o.29 5.23 0l7 0.13 DA5 0>04

1.S i91 27 093 0AR4 051 039 030 1.23 0.1 0114 1.10 00. 0.0
2.0 1.5 [.03 0.75 0.55 0.4i 032 .24 A119 0.15 0.11 r0 01 0.01
2.3 (04 0.66 0.4 0.35 0.26 0.20 0.16 0.12 0(9 OV 045 o.02 0.0

3,c O.69 4346 0.33 0,24 0.1$ 0.14 .1 DAS 0.M6 0.05 U)4 D12 0.0
4.0 0.33 0.26 C-19 0.14 0>1 0 .013.06 '.405* 14 lt3 0.9 0.01 LO

2 ( J.' I 0414 0.06 0. 5 04 01031 1 2 6.02 (1111 12/il 0. 0.0D

A,
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200 ASOtAE Handbook-Fundamontak3530

CM9- Damper, Butterly

DIDO 10 20 30 40 50 40 70 75 80 5 40
0.5 0.9 0.27 037 0.49 0.61 0.4 0.86 0.96 0.9 102 1.04 1.04 -

015 0.19 032 043 0,69 0;94 12 1.4$ 1.72 L2 1.59 L93 2.0-
0.7 0.19 0.37 0,64 1.01 1.11 2.12 281 3.46 3.73 1.94 4.1 6. -

0.1 0.19 0.45 0.7 1.$5 240 4,13 6.14 8.38 9.40 10.30 10,80 15"
0.9 0.0 0.54 L22 251 4.97 037 17.8 30.50 3.0 45.00 30.10 I1.0
E. 0.19 0.47 1,76 4.3$ 1120 32.00 113.00 619,00 2010.D0 10350.X0 99999.00 9999.00

CD9-3 Firc Damper, Curtmio Typc, Typo C

MOUNTING

+SLEEVE 

ANGLE 
(TYR)(WxH) -

0,12
TYPE "C" FIRE
DAMPER (V--RT.

A.OR HORVZ.)

VIO 

FIRE BARRIER

EAJ-I Duct Mounted in WaIll

C, Wins

ri .O 0.002 0,01 OM$ 0.10 020 30 0.50 10100
(1.0 41.50 0.57 R6S 0.0 0.M6 0.92 0.r, 31 lyp AO
0.02 0,50 0,5t 052 0.55 0, 066 0.69 0.72 01.
0.05 100 1.30 D.50 0.50 0.N 0.60 0.50 6.10 (.$4

Mo0o &50 O)56 0.50 030 (t0 01) 0.50 0.50 0.50

EDi -3 iellmouth, with Wall

rU 0.00 0..1 .02 0.03 0.04 0.05 0.06 0.02 0.10 0. 1 0.16 020 10.0

C, 00 0+11 37 0.31 L26 0.22 020 a5 1)2 .09 .016 0.1 0L0

A5-572
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-11.67
-847
-6,04
-4JO1
-2,65
-1.41

--4U.01
-29.80
-21.71
-'5.96
-1139
-0;62
-6.16
-4.19-239
-2:22

-52.75
-1390
-21.34
-21 A7
4.07

-275
-31.5$-15.53

-S.67

-6.15

-414

- 66.13

-2705
4.0.52

-(5.58

-6J3$

0-s

-8JIt

-$28
-3A4
-2.22
-135
-0.7l
-42!

0.18

m2 I
-".5041IA2

-5.02
-336
-2.19

-0.84
-0,30

0.33
-$.25
-10.34
-6.91
-4.735

-320
-0.51

0.06

-19.69
-15.24

-9.k5
-6.42
-4.48

-1.91,
-3.05
-0.34

-24.7
-16.801
-11.76
4639

--4.23
-2.86
-0.7$

0.4
-3A
-3.94

-3.00
M55

-0.37

0.33
0.49
0.63

-4.85

-1.3
-0.09
-0.48
-0.30

0.32
0,41
0.6

-6.55

-2.50
-1,54
487
-0133

0.00
0.29
0.53

-853
-5-N
-3.4 1
-2.19
.-I35-053-0:73

0.12
012

-6Ao
4.47

-498

-1.17

-0US6.32
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35.40 2005 ASHRAE Hamdbook-Fndamentals

ED54 Ibe, D, <or 10 In, Converging (Coniinued)

cwTh. (Coafr&d4

A
4
A

4  /Asl, 04 0.2 023 94 9.5 0.6 03 .s

0.4 0.2 78.99 122s 4A2 226 139 0.97 0.74 0.60 030
03 30.14 86 3.4 1.2 124 0.90 030 0.37 .A

O4 3626 7.32 3.08 1.14 1.16 0.85 067 0.46 O3t.
03 2.38 . 635 2,80 163 1.10 0,32 045 0.54 0,47

0< 23,59 572 2A 1.54 L05 V9 .63 0,53 0 4 -
12 20.32 5.27 2a46 1.47 1.02 0.77 0.62 0.52 0,43

t4.8 4.94 4.1 1.98 2.21 083$ 065 033 9.46 0 4 -
0.9 155 3.88 1.89 06 O2 006 0.52 045 0.24

10 12.66 3.69 180 1.12 0.79 0.62 AM 0,44 039
0,5 02 114.73 17:76 427 3.07 13.79 U1S 0,8) 0.60 0.46

0,3 7055 12:71 492 2154 1-56 03 4275 0.56 0.44
0.4 49.6 1024 423 2.20 1.3 08 0.11 6.54 0.42
0.5 38.12 8.81 3.81 2.14 134 0.93 .0.68 0-51 0.41
0.6 31.23 7.90 353 1.99 127 0.88 0.45 0,50 039

0.7 2.87 6.00 2.75 I3, 1.01 0.1] M52 0.40 032
0.9 19.30 5.57 2.59 I9 0.96 D.67 0.30 0.38 036

c.9 17.84 $17 2.6 1.42 0.92 0.65 0.48 017 0.29
1.0 1?.16 .OS 2.36 136 0.88 062 0A6 0.35 0128

0,6 42 142.32 22.64 8.06 3.91 2.23 1,39 Q.92 063 k44
03 34;39 1-05 628 3.24 (32 t:23 D.3 M58 a.4

OA SA3 12.50 5.39 . 2s8s 175 1.14 ~3 033 0 -

O.S 44.34 11.13 4.6 2.66 34 1.01 0.74 0.52 0.37
0 29.06 8.20 3.69 2.04 125 0.831 05 038 26 -

017 24,71 7.53 3.44 1.91 .18 037 0.52 13$ .24
0:3 22.56 7.06 3.26 3.81 I.ll 0.72 048 033 922
0.9 21.%9 673. 3)2 13.73 tx(6 0.63 Ot$ 302 020

10 2224 6.61 3.00 1.65 1.0 0.65 0.43 0.28 0.18
0.7 .2 152.32 25.32 .91A8 4.66 165 .63 1.04 0.68 0.44

03 l785 38.38 746 3.88 2.29 1.44 0.94 0.4 9D
OA 5934 14.92 6A7 3.48 j9 )333 0.17 D.51 037

,5 35As 10.56 4.18 2.60 1.55 0.97 0462 013 022
oil 2FI26 9.51 4.4 2.42 IA 0.90 0.57 0.33 LJ9A
07 25.4 3.91 4.16 2.28 L36 0.85 0.33 032 0.17

< 2522z 8.0 3.19 218 L29 0<^) 09 0.28 014
o9 26A8 8.43 86 2.8 122 074 0.4 025 0 12

0 2934 &49 377 2.01 1,16 030 -. 01 0:22 0.10

03 0:2 13674 2639 30.30 5.22 3.01 1.35 3.I? 0.74 45
03 75.52 19.20 8.32 4.45 2.G 3.66 8.66 0.61 0.41

0A 7.$$ 1279 - 5.2 3.23 3.91 I? - 0,72 0.42 021
03 2725 1128 41 2.98 1.71 140 0 0,3 0.11

36 24.23 1057 5.10 2.31 1.66 1.01 0.0 0.33 0.14
6.7 25.36 H.32 491 2.69 L.57 4.94 0.5 0 .9 011

0.8 2909 10.37 4.80 2.59 1.50 0.8 0.50 0.25 0.08
0.9 34.35 10.60 4,4 250 . 342 032 0.46 0.21 0.0$

I c 4l3 10.98 411 243 1.36 0.77 0.41 0.1 0.01
09 02 90.0 23.73 103 5.4 3.2S 2.05 13 0.83 0.47

03 2993 4210 693 336 2.3.. IA 05$ 0.48 0 2
0A 16.27 12.21 6.2 3.55 2.12 314 0.77 1.42 0.13

03 14.90 110 !.96 3.3$ .899 120 010 .3 04
0.6 1943 !1.12 51 3.23 1,89 1.13 (.64 (.31 0.1

0.7 27.5 2.06 5,7 3.14 1.61 116 0.59 '127 0.06
0.1 37.4 . 12.73 379 IA?7 1.74 .99 1.53 (123 0.02

09 49.59 33.57 5"5 3.1 1.67 093 0.48 0.s 42
.0 6i1.52 313 2t 1A41 0.17 0.42 .14 0.06

10 0.2 -421 4d 4.31 2.& 1'4 1.00 q.56 025
0.3 -I!35 't90 6.66 3.9 2.4 135 1190 (49 0.U

r4 1 .65 11(2 6.1 3% 2S2 14 (L%3 0.43 035
95 2.5 I!;q 6Z4 .- 4 223 133 4.76 '13g 03)

ISX! I3;I .i 6.0 .I 2.10 h 1.16 1.% 0'2 006

.14 .97 14e. 3153 .1 ' 11 f& 09
57i99' 19 1>52 a01 PR "3. -!U4

A5-582



RPP-24544 REV id
Calculation No. 145579-D-CA-056, Rev. 1

Attachment 5
Page 16 of 32

Duet Desig

b-3 TnD, 1

O's , 02
.).3
UA

0.Y
"-.

0

G0nCenvertb* (Conflrnwd)

4 02 0.3 04 Os 0.6 0.1
-26.01 -4.19 -020 033 0.71 l 7 0.3

lllk, AgA
0.2 0,2

6.3
0.4
0.5
0.6
017
08

0.91.0

01 0.2
0.3
0,4
.-S

0.6
0.7
0,8

1.0

0.4 0,2
0.3
6.4
0.5
016
0.7
0.2q
0.9
1.0

0,5 0.2
03
OA
0.5
0.6
0,7
0.2
$3.9
L.0

0.6 0.
03
021
015
(-s3
6.7
09
(3

0.7 0.2
0.3

0,5

r,
(37
0.2
0.9
30

-59.71
-jO634
-167.36
-241.50
-329.25
-430,67

-545.91
-674.2
--15.50-2530-35.76
-M.,09

*-10A.4
-145.16
-193.01
-259.13
4M8.50
-406.44

-1031
-23.96
-42.99
-61.44
-97.39

-132,$3
-173.96
-220.69
-273.12

-169--7ZA9- 46,99

-473
-61.03
--9417

-12330
-156AS
-203.74

-5;2;
-1143
-22-9
-34-92

-89.39
*-13449

5033
-3M)
-9-25

-26.34
2585

46.31

-304.29

-223
-6.91

-1231

6 S

-4041
-1939
-307
-44.6$
-61.15
4%.18

-1017
-i2s.98

-2.16

--1.09

-2.85
-45A6
-46,S6
-S9.18
-73,33
4.18
-3.65
-'703

-1135
-1690
-22.41
-29."9
-39.13
-4731

0.62
-235
-1.61
-7.61

-11t
-15.37
- 0.22
-233.
-)).P

-3.1

-539
-7,64

-10.$5

-11383
-1.6.1
-2124

-0.03
4.94
-2,10
-. 51
-~'.11

41 1

-9.37
-0292
~14.12

-0.53
-'-34
I2 '

-t 0

.I' I

A5-583

33.41

0.9 0.9
0.9$ 0.3
095 0.9I
ON 091

19809tO.0 0.9

121 1.05
1.35 07
3.52 I3i
2172 If4l
094 0.91

119 OM

0.94 084

1.05 0.S7
136 O.#

112 1.00

1.47 1.11
1.68 1.32

W3 030
0.91 0.87
0.94 04--

1.31 0.92
24 1.00

1.40 1.11
3.1 1.26<

6333 0330.

0.90 0.81
0.90 05

0.3 0.5
0.9$ 0.31
L337 0633
L20 1.02
136 III

M9 OS

1.35 L-21

I.6 137
O.I4 (193

0.93 0)1
033 0.50

0.92 0.92
0.9 09*

IM1 1.00

3.35 L2?

1.21 IL2'
1.-6 134
1.56 1.52

E'92 0.92

(!.94 IM.9
3.15 0,94

1312 1.2i

L9 1.5'
1.0 i 7"

-- - - - --

-272
-5.53
-9.32

-13.50
-18.68
-2467
-31.47
-49.08
-0.04
-L20
-238
-4.78
-7.21

-1008
-13.39
-17.15
-21.37

0.26
-.4-A8

-.- 146
-269

4.917
40

-2-0.36

-130

-242
&49
41 

-1-50-142

-763
0.54
-0.2

-024
-130

-265
-3,46
-4.35
0.61
0.3
6017

-0.22
-0,34
-0.87
-1.24
-I.64
--2.09

0,51
0.01!

-413

-03-3
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2005 ASHRAE Hadbook--wicsam rals

ED-3 Tee,B>10 in, Comrging (Cowbne -

C4Vu(CopdA)a

A/A, 4,4 011 0.2 03 0.4 . .3 O 0. 7 . 0.9

09 0.1 -. 14 0.29 0.71 05 0, 0.94 096 097 019
0.3 -5.14 -021 0.57 *.0 0SS 0.9i Oss 097 1.2.

MA ~9.09 -076 0.47 0" 091 094 096 0,95 1.06
45 -14.06 -136 oA2 066 0.9l 1.01 101 102 114
04 -2008 -404 0.42 0199 LI 132 19 199 U4

07 -27.Z -2.29 0.47 17 130 12? 121 1.19 1.34
018 4550 '-163 0.55 1,42 1155 1.49 1.36 L-32 55

0.9 -451 -4.37 0.66 L72 L96 1.75 L59 1149 1.75
.0 -5519 -5.64 0.50 23 2.22 2.05 18 16 ;9

1.0 0.1 -1.54 0139 0.14 037 9.92 0.95 097 0.99 1.03
U-3 -3.73 0.03 0.64 083 0.0 0.94 0.97 L0 L05

PA -6.57 -0.32 0.61 0-55 0.93 497 0.99 L03 1316
u. -0.05 -. 65 0.64 034 1.02 1,03 1,04 1A0 1.26

0.6 -34.24 -03 0.74 1.!0 21.6 1.15 3.13 116 1.40
03 -19.20 -132 0.91 - 133 137 3,31 1226 2227 1.57
0.9 -2438 -69 1.14 1.06 163 L.53 1,43 141 1375
0.9 -31.62 -2.11 1.A2 2.00 L% 1.30 1.64 239 2.02
2.0 --39,9 -235 16 2,43 2135 2.12 190 .L3 20

EDS-3 U , P,> JOin.,Converging

4)A, A/A, 0,1 0.2 03 DA D.5 0.6 0.7 0.3 0.9
0.2 32 20.43 328 L40 0.8 0.82 073 9069 0.66 064

0:3
0.4
0.5
0.6
0.7
03
0.9
.0

03 0.2
03
04
0.1
0.6
0.7
0'
0,9
3.0

0A 0.2
0.3
0,4
0.5
0.6
0,7
0.3
0,9
.3.0

03
*n4
05

06

Itt

12.53
8,78
6.69
5.43
4.64
;;3
3.86

51.24
129.57

19AD

10.58
9.64
752
6.95

9030
49-69
3036
237021,110
I5A3
12.36
110.96ID0
32A30
30.67

26.36
65.94

.4.69

14.45
16

2.40
198
05
1.61

3.57

1429

141

38

42

3.57
2.90
2.59

5314.4(l

2.25
±39

2)

23373

7.2-

5.5!
4.,
3.78
3.4

3.22
.325

269

7.27

-. 74

4.48

4.56

222
1.12
1.06
L02

0.98
0.97
0.37
2.49

- .58

- .2?
1.3132

1.'3
1224
1.21?.91

1922,21
1,1

1L67

1.61
1.62

5A
2.87

~17
2. 1
2.F3,

0.90

0.84
0.83
02

0.31
33",
aOin

0.94
0.90
0A
ll.17

6.7
LSS
1A2
L23
I'll
3.07

1.02

1.1)2

L51,231

:A29

).29

1.5
---.4

0.77
0.7
0.75
0.74
0.74
0,14
034
Q.273

n'90

030

0.76

01

4.11
0.70

D.10

0.70032

LOS

n.10

0.9

0.740,3

0.73

1.32
JAS
0.93

14.7
0.82

9.2ItS)

0.73
070

0.20

D.70

0,00.69

D.

o.67

D.62

0.61
0.61
0.61
0,61

034

0.61
0,59
0.5$
0.57
0.57
0.570,37

0.5s

0157
0.5\
p-is

0.68
0.67

67

067
0.67

2160

0318

0.56
0.560M6

0,55
('35
0.1
0.49
0.48
043
0.490.41
0.47
0.47

0.-tI0547

0.47
0.4:

;.43
DA403
OA3

0.66
0.66
0.65
0.65
0.65
0.65
04.5
0.65
0.51
4,51
0.52
0.52
0,52
0.52
0.52
0.52

3252
0.45

0.42
0A2

PAI
0,4

0.43
0.41

0.38
0.35
134

0. 13
0.33

064
0.64
014
a.64
0.64
0.64
0.64
00
0.50
030
0.950
0.40
0.49
0.49
0.49
0.49
0.39

0.37
P37
0.37
0.37
0.37
0311
D-37
0,37
0.28
6.27

0,27
0.26
0.26

0.26
024

0.21

A5-584
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$.4

EDS-3 TeoD, >10 In, Convrgiag(Corninued)

4Val.t(a'ndd4

AU, AbIA AU 0.2 43 OA (is 06 0.7 6. OA

0.6 0.2 - 146.22 201az 6.34 2192 IM4 to 0,54 03 ON
03 70.43 1 L.$ 431 213 20 0.3 0.46 0<30 0A8

0,4 33,64 3;37 3." 10. 1.06 0.61 643 028 0,38
0.3 23.61 6.o 3.00 L64 099 0.44 - 0.42 28 0.18
0.6 17.1 S38 2.82 [U7 0.97 0.62 0.41 02 0.18
0:7 15.4 5:81 237 16 0.96 OA2 0.41 027 0.18
0.8 1719 5.98 2,82 [57 0,97 0.62 041 0.27 018
0.9 20.79 638 22 161 0.3 0.63 0.42 0.7 0.11

I.Q 25.82 634 3.07 146 1.00 064 0.42 D2$ 0,1
0.7 D2 1373 20:74 7.1 321 1.70 0.96 0,54 029 13

0.3 $8.74 11.96 413 239 3.34 03 0.41 O2 0J2
04 27.18 8,52 3.84 20 5.21 0.73 0.44 024 031

05 16.04 1.21 3.0 L94 Lis 171 0.43 024 .1 -

06 13.91 6.7 3A4 1.02 j.14 0.70 0,42 0.24 0.1
0.7 17.28 735 3.54 119$ 1.16 0.1? 0.43 0: 4 0.1 -

0.8 24M1 SAO 3,73 22 13.9 472 0.43 0,24 RJ1
q.9 317 11 0. 399 22 1.23 014 OA4 025 0.1-

ED 43.86 10.30 4.30 2. 1.28 076 0,4 023 0J1

0 0.1 92.97 1735 637 3.21 1.7$ 4.99 0.55 027 0.08
03 26,99 10.02 4.67 2.52 1.46 0.86 0.4 0.24 007
0.4 6,75 7,77 4.09 231 1.37 0A1 0.46 D23 .06

.5 43 7.56 4.03 229 1.36 0.31 0.46 0.23 0 06
0 . 12.05 S.36 '124 2.37 130 0a3 0A7 0,2 07

0.7 24.51 9.75 4.40 249 145 0.85 0.4 0.24 0 07
0.8 40,23 11.49 5.05 2.4 1,52 P88 0.0 0.24 0W7 -

PS $8.8 13.48 537 2.85 160 092 0.51 0.25 0107
Lo 77.5f 15.64 6.13 3 1.68 0.96 0.53 0.26 0.0?1

(0 0.2 10.77 10.05 5.20 291 1.70 0:9 (1.5 0.25 0.0
0.3 -21.27 6.49 4,28 2 1- .56 0.93 05i 0.24 3m

A -- 191 6.3 4.34 2.60 157 0.93 0.52 0.24 004
0.5 -3.28 &19 4.80 2.76 L64 0.7 034 024 004

0. 19:39 11.01 i.45 3.01 17:4 L0 0.56 02$ 004-
0.7 45.97 13.6 6.21 317 1.36 3.07 058 0.27 0.05

u. 8 74.99 17.18 7.03 3.53 L98 1.33 0 128 0 -05

0.9 105.44 20.59 7.93 3.89 2.12 1.19 0.64 0.29 0.05
0 37,43 .2412 5 4.23 2.26 3.24 (.67 0.31 0D.0

Lo 0,2 09.18 Al? 3,13 .240 1.58 0.98 0.56 0.25 0.02

03 -75.42 2.54 3,85 2,(5 Lo 103 0.58 926 .03
04 -383i 6.66 492 3.04 1.36 1I. 062 3 0.0

0.5 30 11.33 6A4 3.48 2.04 20 0.66 029 0.04

04 484,66 16.2 7.43 3.94 224 129 00 131 0.04
0.7 94.88 21.46 836 4-3 245 )39 0-75 133 0.05

0.9 14201 26.70 10.12 4,92 266 S43 0.79 0,35 0.06
(.9 139174 32.00 119 5.4t 2.7 8.Ss 0.8P 037 0.07

3.0 23790 37.35 32.8s 5.92 3.08 1.6a 0.8 049 0.7

A5-585
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35.44 2005 ASHRAE Handbook-Fundamentals

EDS- Cnpped 1Wy, Branch with 4S-.Dtpnalhmv,
Bra nch 90 Degrees $0 MaIN C4IntWeiflDk'13

AjA, h.1 0.2 02.4O S . 0.6 01 0.8 6.9 t.
C, J26 I0 0.94 0.46 081 0V6 0.71 057 M 0.644

BLANK

rn

014

ED5-9 Symmetrkial Wye,60 Dearee, Db, 2 D Converging

AbA.

2 \ ,

D~ -D (1" min. or
i2"mn%.}

"ME: D- D2

*As, AA 01 0.2 0.3 0.4 0.5 9.6 0.7 HI 0.9

0.2

0.1

0,6

0-7

03

2 --11.95 -,89
03 -11.95 -- L89

0.2 -4545 -9.39
0.3 &i(1s -2.2
0.2 -4204 -14.V0
0.3 -52.95 493
0.4 -2846 -622
0.2 .12604 -23.80
0. -9107 -101

OA -36.41 -10.17
0.3 -30.8 -52:3

02 -.2091 -39.31
(I3 -147A3 -29.69

04 ~5136 -16.07
0.5 -$.22 -1!03
0.6 -410.57 -7.M

0A -291.7 -54.52

01 -[02%7 -1A1
0. -. 15 -[475
06 -4424 -4 30
03 --33 .-16
0.2 3333 -6935 .

(1. .24731 1635

-0,09
-0.09
-14d
-0.09
-4.26
-236

-- 7.44
-. 6 
-2.91

I, 33

$538
-A34

-- 4.97

-213
-16.32

041
4.41

-0A37
0.5')

-1.24

-L73

-.264
-1.8

040

44

,19

I).2:9

4.8,

&3 L-259
-79

-6.')
--6.65

0.62
"52

0.33
096

-'.10

0,19

-095
-0.46
-0-0
0.32
-L54

-4.3
-0.1
-0150
-0.26

+3.135~'2.31
-L75

0.74

I :02

0.33
0.10
0.55

--0.33
0.04QM0.21
0.43

-0.29

-0,09
0.00

-(.6

4.7 j
-4 3.L

-L24

0.411
0.611

f.50

0,16

47
0.06
DOS
1"4
0.27

40

-1A4

-0.04
.409
~-tx-i-

.A8?

13 0
1.03
1tIn
047
O.49
0M )
0.26
0.19
0,31

0A'

02?
0.1
0.1 1

0.[(I

O' 1,J.O!

002

.i',

0.19
0.79

13
0,63
0R

O.Z$
0.28

(1,29
0.1
0.21

0.0

1221
-,09

024
02

A5-586
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ED$-9ym turi"1W ,begre,4 DCnrgint(Continwd)
Cb, VAiL (C,,thdt4

AW4C 6 A 0.1 4.2 D-3 M 0.5 06 .7 Os,

015 -2LOS -8.46 -A4 -4.65 -2.71 -161 -O5 : -o35 -031
0.4 53,.91 -13.54 -735 -4.20 -2.54 -1,53 -0,9 451) -0.3

6. -8906 -20.32 -9.7 -4.0 -235 -3.M -00 -0.14 -06.
0.; -105.6 -25.4. -119 -5.5* -2.94 -1.60 -4.12 18 -&Is

0.9 0 -479.24 49,56 -2839 -10,59 -404 -3.41 -16 001 0.09
0.3 -305.31 -6U17 -2330 -9.23 -439 -216 -1L07 -0.54 -29
0.4 -.31.r7 -32.A8 -14.60 -7.98 -4.74 -2.91 -179 .10 -0.68
0.5 -67.90 -2216 -12.17 -7.53 -4.8 -3.1 -s -13.0 -0.81.
04 -695 -A308 -12.11 -7.45 -484 -135 --. l -126 -09

0 -9.48 -2735 -1338 -7.95 -4.97 46 -1,36 -1.17 -665
0'a -112,02 -3t,63 -15105 -44 -5.31 -313 -4.90 -3.07 -0.51
0.4 -1302 -3.19 -16.07 -8.70 -5.18 -3.19 -lAS -1.08 -053

110 0,2 -585.36 -109.39 -34.85 -13.31 -5.09 -14 -0.59 -0.13 -0.01
03 '363.3k -74,20 -26.8 -11.91 -5.9a -3.08 .- 6 -0.94 -.
OA -141.46 -49.00 -1839 -10.73 -&71 -429 -274 -3.74 -1.12

0.5 -63.731 -27A -15.85 -1041 -407 -477 -3.16 -2.05 -131
06 -8).99 -30A2 -16.7 -10.70 -2.13 -437 3.13 -2.02 -i2
0:7 -301.28 44A9 -17.89 -11.00 .9 -476 -313 -199 -J,24
0.9 -118.$8 -37.6 -18.91 -10.29 -226 476 -.0 - 12)

0.9 -- 315.8 -4li2 -19.3 -1 .. 35 -7.32 -4.77 -3.07 -. 98 -13
1.0 -155.18 -44.9 -20.95 -1.80 -7.39 -4?S -3.05 -1.99 -1,25

Ajjbf AgM,
0.2 0.2

0.3
0.3 0.2

0.3
0.4 0.2

0.3
0.4

0.5 0.2
0.3
0.4
0.5

0.6 0.2
9.3
44
0.5
0.6

0.7 02

0,4

03
0o. 0.z

03
A).4

OAS
R.5
0.6

I

.A)

0.9 0.2
03
64

r.5

3)3
0.7?
03
19

03
04

0
O't
3

0.l

-32L9

-8.24
-!.688

-6.95
-3.21
-293f6

-4.32
-1227
-20.76

-3.6|

-17.2
-28.00
-4057

-5A4
-.9.36

-31A1
-46A4
-73.02
--7.11

.7
1),3

-35,7
42.32

-105.46
-4;91%
-9.97

4-3.54

-1 3:i

9 'p

-U35
-40 .6-338
.. 3q9'
noM '

0.2

-7.91

-1.21
-1.18

-2.92

4.22
-0.01
4:17

--2.93
-5.23

0.0?

-0.55

-2 P,2

-426
-7.82

--6.68
-0.3

.0.19

-3,09
401
-9.82

-3668

-. 99
.4,06

-2549
1.34

-2II
.498
-9.57

--23. 3

'-- 17
-M 20

3)39
.. 3y
iit?

0.3

-0.09

-6.04

0.05
-0,09

-0,44
-2.J5
0.63
0.44

-0.23
-3406

07
0.86
006

-0.99
-202
0.55
033

-3.47
-50
0.33
04.1

-2.12
-404

0. ?4(

46

OAS

-1.39
-569
564

-161)'

---.
-,& hr

0.41
041

OA2

_037
0.59
.3

0.40
-0.57

071

0.41
00

L20

-1.0_129
0.60

-036

0.9

0.36
1.20
026

-0,11

.29
033
L')

0i 
Io 0

43 6

0316

-33 

06
0"
03-'

Q V.1".

0.3
0.42

D.67
E).79

D2
113
0.3

1.42
01:0

31.13

0.1

-0.02
-0.43
-161
0.90
1.36
0.59

.10

-IS-0.90

-12
4967

132
D.47

-L22

-515-1
It"5

L
2

03,0.3

0.7 4

0.8* 0.80
080 0.80
0.78 0M7
1.09 1.-O

.72 0.?2
1.05 1 A6
0.72 A79
0.92 050
1.24 1-Z
VI& 0.-n

11A7 DAT
.08 106

3A9 3.46
DAS 0.05
A45 0.4

0.34 0.21
1.04 2.03
L49 .47
0.7 0.98
016 0.4
D.21 0.35

-029 0.02
IM 1.00 .0
.49 1.-8

056 103
0.35 0.4
0.28 0.51

-0.72 0.18

1.04 .103
139 1.49
03.95 134
0.11 05i
O0it 040

-131 OJ5
_U 1 _ 19

OS L6

L40 3. 0

-0A3 0-

V R9 Ai0
-1YT -3

IAS

11.1I1030.73

03

L-23
032
O
I.5

2,42
0.91
0.3s-
0.2s
1.Q2
1.4
0.97
0.46
6.45
0.22
0."9
146
.03

035
045

DAZ

0.46
0.3

.0333 Al

304

0.51

.5
(3 2
'34

3 -3

A5-587
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SD2-6 Stckheaod

DW,1) 0.3 0. 0- 0.6 0. 02 0. 1.
C' 129 41.02 6.30 8.10 4.37 250 1.L0 1)0

40

AI Q 4

-- -T in,
T D-ti in.

DeD 20 =I

Ducn Nslgn -

b-2 Con aBlkImoahlSudden Cont a;W i
Flewumi o Round, Suppy Air Syste (Continmd-

CVatiw. (Ctbk

A 7t121D, 0 10 20 31 45 60 9 120 150 18
4 0,025 t134 032 03 029 4.29 0.27 928 0.3 0,32 634

0-050 0.4 0.31 0129 025 0.22 020 .23 0.26 0.30 034
0.075 1134 020 0.Z4 0.20 0.37 0.16 0.19 0,24 0.29 &34
0400 0.34 027 0.22 037 0.14 0.12 4137 0.22 02 0.34
0.150 034 025 0.18 014 0.tt 0.10 013 0.21 0.-7 U4
*0O 0.34 023 0.26 0,12 010 0,10 415 021 0.21 034.
0.600 034 0.18 0;2 0.09 0.08 0.08 0.14 0.20 0.27 034

0.60 0,025 0.25 0,24 0.23 0,22 (12D 0.20 0.21 022 0,23 025
0.050 DI5 0.23 0,21 0.138 0.16 0.15 017 0.19 0.22 O2S
O075 0.5 0.21 6.1 0.13 0113 0.12 OJ4 0.38 024 O-3
0.10 025 0.20 036 033 0.1 0,99 O12 (115 0.2! 025
0.$0 0.2$ 0.9 0.14 0.10 0.08 0.0 0.31 0.16 0.20 05
0300 025 0.7 0.12 G.0 407 0.07 0.13 05 0.20 025

6M0 0.2 0.14 0.09 O. 0-06 0.06 0.2 035 02D 0.25

0.S0 0.025 L.$ O.14 0 .3 0.-3 .12 0.12 02 0.13 0. 4 0.15
0.050 D-15 0.13 0.12 0.11 DAD 0.04 1.10 012 0.3 0.5

075 03$ 013 0,20 0.09 0.038 0.07 0.03 0.10 .3 0.1.5
0.100 05 0.12 0.10 0.07 0.06 0.05 0.07 0.10 032 0.15
4,150 0.15 03 008 00 0.05 0.04 A. 009 0.1Z 15
03 0.15 0.0 0.07 0.03 0.04 0.4 0 0.09 0.12 0.1
0.60 0.15 4.48 0.05 0.04 0.03 0.04 0.|6 0.09 0.32 0.15

490 &025 0.09 0.08 0.03 0.0 Do7 0.07 010 0.03 0,08 0.09
.050 0.0 0.03 007 0.06 016 0.05 (4'6 04 07I8 0.04

PAV75 0,09 0.07 0.06 0,05 0,04 0.04 0.05 0.46 OAS 0.09
0.10 0.00 0.07 0.06 0.04 0.4 043 0.04 0.06 0.07 0.09
r150 0.09 4.07 0.0 0,04 0113 0.03 004 0.6 07 0.09
0300 0.09 0.06 0.04 0.03 0.03 0.02 0.04 0.05 0,07 0.09
0.6031 0.09 D.I5 0.03 0.02 0.02 3.02 00 0.05 107 0.00

0
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SD41 rnosdilon R1nd toRound, SupplyMr Systems
Cq V4l

I-A./A, 10 is 20 30 45 60 Nl 120 160 M#0

0.10 0.05
0,17 0.05
025 0.05

0.0 0.05
1.00 OD]
2.0) 044
4.00 2.S6

10,00 21,00
16.00 53.76

0,05 M05 S 0.07 0Q0 0.,9 0,29 9r 0A3
0.04 N 0-0 0.06 0.7 OA& 0.28 0.36 0.2

0o 004 U4 0 O X 0.07 017 0,27 035 0A4
0.03 0.05 0.035 0.06 0.06 0.12 0.78 0.24 024

0.00 0,0 0.00 0.00 0.00 0.00 0.00 0.OD 0,00
032 0,16 L.28 132 1.32 1.28 1.24 120 1.20
3.32 4.0 7-36 9.76 10.89 10.24 10.08 t.92 9./2

28.0 3800 5&0 7600 M00 8100 84.00 83.00 33.0
14.24 9728 15340 21.04 22518 22$.28 2258 25.28 223.28

S04-2Ti'osWon, RfeconAtr to Imohd.Supply Ar Sysleis

0, II 15 20 30 45 80 90 120 15) 1N0
0.10 0.05 0.0$ 0.0 0.05 0.07 0.08 0.9 029 0:37 0.43
017 0.05 0.05 0,04 D.4 0406 4.07 0.A8 0.2 036 0.42
025 0.6 0.05 0.05 0.44 0.06 0.07 0.17 0.27 035 041

050 06 0.07 0.07 OS 0.06 6.06 012 0AS 0,24 0.26
30 0.00 900 0.0 A0 0 0,00 .00 0.0D 0.O 0.00

2.00 0.40 0.84 7.0 L20 132 t32 1.32 123 L24 1.20 r

4,00 4.00 5,76 .7.20 S.32 9.23 9.92 10,24 10.24 10.4 10-24
i.160 060 I0.00 53. 64-0 25.00 84.0 80.00 910 9 LO 88.00

16.00 76M 133.24 357 166A0 197,12 225.2% 24320 250.8% 250. 239.08

SDSI- Wye, 45 Degree, Diverging
C %tiw.

QWQ,
I4t, (LI 0.2 0.3 0.4 0.- 0.6 0.7 0.8 9

0.1 0,3 0.39 OA8
0.2 225 0.38 0.31 0,39 0.46 0.48 0.45
41.3 629 1.02 026 0.30 0.33 0.39 o,1 0.48

04 1241 225 0.74 038 0.30 0.3) 035 0.39
0.5 20.58 431 1.37 0.62 0238 030 030 032

06 30>78 6.29 2.25 1.02 0.56 0.38 031 0.30
03 432 910 3.36 157 0.85 0,52 03 031
O11 5729 12.41 471. ^.25 1722 0.74 0.50 0.38
19 T159 I624 6.29 3.06 19 1.02 0.(C OAS

D E (1 ml- ef IT Z' x.)

-o

.9 V.7

030
0.36 .

0.32

C, Vnott

Q11,
&, 0.1 0.2 0.3 OA 03 0.6 M 0.8 R.9

OA 0.13 0.16
02 0.20 033 0.75 C 0.2

U.2 030 q.22 06.3 0. 1 0.25 0.16 0.20
f, 4 218 0.0 (I7' 0.13 0,14 0.1 0.1 (16 034

U.3 6.25 .37 0. 41.1 0.I3 0.14 0.14 015 V.15
eA 1. 4 0 .0 1 301 0.7! 4 07 t 0C4 D.14 0.1

7) 7182 I '33 m o 06 tJ4 0.13 (1 14
042 &S 2.530.3 0.20 0.15 1114 0.2 V.3! 0.7

'9 v '14 44 IfIQ 'S 1 fE 6 fl.; e. 14 17 O

A5-589
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0
Duct Design 35.49

SD5-9 Tee,Diverging
C, Val"e

AIA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 . .8 0.9
0.1 1.20 0.62 0.80 1.28 1.99 2.92 4.07 5.44 7.02
0.2 4.10 1.20 0.72 0.62 0.66 0.80 1.01 1.23 1.60
0.3 8.99 2.40 1.20 0.81 0.66 0.62 0.64 0.70 0.80
0.4 15.89 4.10 1.94 1.20 0.88 0.72 0.64 0.62 0.63
0.5 24.80 6.29 2.91 1.74 1.20 0.92 0.77 0.68 0.63
0.6 35.73 8.99 4.10 2.40 1.62 1.20 0.96 0.81 0.72
0.7 48.67 12.19 5.51 3.19 2.12 1.55 1.20 0.99 0.85
0.8 63.63 15.89 7.14 4.10 2.70 1.94 1.49 1.20 1.01
0.9 80.60 20.10 8.99 5.13 336 2.40 1.83 1.46 1.20

C, Values

ella.
A/A, 0.1 0.2 0.3 OA 0.5 0.6 0.7 0.8 0.9

0.1 0.13 0.16
0.2 0.20 0.13 0.15 0.16 0.28
0.3 0.90 0.13 0.13 0.14 0.15 0.16 0.20
0.4 2.88 0.20 0.14 0.13 0.14 0.15 0.15 0.16 034
0.5 6.25 0.37 0.17 0.14 0.13 0.14 0.14 0.15 0.15
0.6 11.88 0.90 0.20 0.13 0.14 0.13 0.14 0.14 - 0.15
0.7 18.62 1.71 0.33 0.18 0.16 0.14 0.13 0.15 0.14
0.3 26.88 2.88 0.50 0.20 0.15 0.14 0.13 0.13 0.14
0.9 36.45 4.46 0.90 0.30 0.19 0.16 0.15 0.14 0.13

D. -D, (I" min. or 12 mox.)

0. . -- a

Ac 1 so-

I N-1

1 I A.

SD5-10 Tee, Conical Branch Tapered into Body, Diverging

C6 Values

Q le,9
AbIA, 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9

0.1 0.65 0.24
0.2 2.98 0.65 0.33 0.24 0.18
0.3 7.36 1.56 0.65 0.39 0.29 0.24 0.20
0.4 1378 2.98 1.20 0.65 043 0.33 0.27 0.24 0.21
0.5 22.24 4.92 1.98 1.04 0.65 0.47 0.36 0.30 0.26
0.6 32.73 7.36 2.98 1.56 0.96 0.65 0.49 0.39 0.33
0.7 45.26 10.32 4.21 2.21 1.34 0.90 0.65 0.51 0.42
0.8 59.82 13.78 5.67 2.98 1.80 1.20 0.86 0.65 0.52
0.9 76.41 17.75 7.36 3.88 2.35 1.56 1.11 0.83 0.65

C, VaI.es

AA, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

0.1 0.13 0.16
0.2 0.20 0.13 0.15 0.16 0.28
0.3 0.90 0.13 0.13 0.14 0.15 0.16 0.20
0.4 2.8 0.20 0.14 0.13 0.14 0.35 0.85 0.16 0.34
0.5 6.25 0.37 G.17 0.14 0.13 0.14 0.14 0.1$ 0.15
0.6 11.83 0.90 0.20 0.13 0.14 0.13 0.14 0.14 0.15
0.7 18.62 1.71 0.33 0.18 0.16 0.14 0.13 0.15 0.14
0.8 26.81 2.28 0.50 0.20 0.15 0.14 0.13 0.13 0.14
0.9 36.45 4.46 0.90 0.30 0.19 0.16 0.15 0.14 0.13

D , (I'mm. or 12'mox.)

00.0,
Ac As

2 

-2"

Ab

A5-590
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35,53

CR3.9 Elbow, M~tered, 9%) Depttnglb'TMnclm ess(.S ;..vnt 'p

4-0.1

Wx H

FLOtt

CR3-I2 Elbw, Mitered, 90 Degree, Single-Tircness Vanes (.S in. Vane Spaeing)

s =3,25 in.

AR>
A-R.5111

±if

0

CR3-15 Ebow, Mitvrec,:0 De Double-Tdclknes Vanes (2.125 in. Vane Spacing)

C = 1).25Q

0

WxI

r
r 2.0 m.
= 2.125 in.

A5-591

Duct Dnlgu
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cR3-16 Elbow, Mitered, 90 Degre4, Double-Thickness Vanes (3.25 in. Vane Spadng)

a

r
S4.5 in.

s 3.25 in

C113-l1 Elbow, Z-Shaped.

C, Values
L/V

H/W 0.0 0.4 0.6 0.8 '1.0 1.2 I4 .6 1.8 2.0 4.0 8.0 10.0 100.0

0.25 0.00 0.68 0.99 2.77 2.89 3.97 4.41 4.60 4.64 4:60 3.39 3.03 2.70 2.53
0.50 0.00 0.66 0.96 1.72 2.81 3.86 4.29 4.47 4.52 4.47 3.30 2.94 2.62 2.46

0.75 0.00 0.64 0.94 1.67 2.74 3.75 4.17 4.35 4.39.4.35 3.20 2.86 2.55 2.39
1,00 0.00 0.62 0.90 1.61 2.63 3.61 4.01 4.18 4.22 4.18 3.08 2.75 2.45 2.30

1.50 0.00 0.59 0.86 1.53 2.50 3.43 3.81 3.97 4.01 3.97 2.93 2.61 2.33 2.19

2.00 0.00 0.56 0.81 1.45 2.37 3.25 3.61 3.76 3.80 3.76 2.77 2.48 2.21 2.07
3.00 0.00 0.51 0.75 1.34 2.18 3.00 3.33 3.47 3.50 3.47 2.56 2.28 2.03 1.91
4.00 0.00 0.48 0.70 1.26 2.05 2.82 3.13 3.26 3.29 3.26 2.40 2.15 1.91. 1.79

6.00 0.00 0.45 0.65 1.16 1.89 2.60 2.89 3.01 3.04 3.01 2.22 1.98 1.76 1.66
8.00 0.00 0.43 0.63 .13 1.84 2.53 2.81 2.93 2.95 2.93 2.16 1.93 1.72 .61-

Reynolds Number Correction Factor K,
Re/)iOO 10 20 30 40 60 80 100 140 500

K, 1.40 1.26 2.19 1.14 3.09 .06 1.04 1.00 1.00

0H

A.

f 

L

C.= K;Cp
where K, = Reynolds number correction factor

A5-592
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RPP-24544 REV id
Calculation No,

Dut Design

145579-D-CA-056 Rev. I

CR44 Smm (Only)

A 1A, 0.30 0.35 0-40 04S 54 8.55 0.60 0.65 0.10 0.75 O.M 0.90 1.00
0.2 1S$.oo102.0 015.0350:0041213.5024.25 IRI14.5011.00 8.00.3.50
0.3 68,89 4556333M24A4 18.33 14 10.0I 8.33 644 4.89 3.54 1.56
0.4 38.75 25.63 18.75 W.5 10J1 7.38 6A5 4,69 3.63 2.75 2.00 0.S
0.5 24.0 16.4012.00 tO 6.60 3.04 3.88 100 2.32 176 1.28 0.36
0.6 .2- -11)39 833 6:11 4.38 3.50 20 2,08 1.61 1.22 0.8 0.39

&1 12,65 8.37 62 4.49 3.37 2,51 1.9$ 1" 3 1. 091) 0.65 0.29
0.3 9,69 6,40 4.69 3,44 2.51 17 1.52 1.37 0.91 0.64 051)0 a22
0.9 7.65 5.06 3.10 172 2.04 1,56 120 0.93 0.72 0.54 0.40 0.17
1.0 6.10 410 3.00 2.20 L65 124 0.9 035 0.38 044 0.3204
.2 43.1 2.85 2.08 133 1.15 9.8 0.67 0.52 0.40 0.31 0.22 OA
1.4 3.15 2.09 53 1.12 8.4 0.64 D.49 0.38 0.30 0.22 0.16 0.07

[6 2.41 1.60 3.17 016 0.64 0.4) 0.2 0.29 0.23 0.17 0.13 0a5
1,3 1.91 1.27 0.93 68 0,1 039 0,30 f.23 0.18 0,14 0.10 004
2-0 1.5 1.0 0.75.0.5 0-41 0.2 a4 0.19 (Us 0.11 .08 0.04

2.5 0.99 0.66 0.48 0.35 0-26 0.20 0.6 0M12 0.09 0.07 0.05 0.02
10 0.69 0.46 0.33 0,24 0.18 0.14 0.11 O.08 0,06.05 0.04 002
4,) 0,39 0.26 0.19 0,14 0.10 0.08 0,06 0.85 0-04 0.03 0.02 1101
6.0 037 0.11 0,01 0.06 05 0.04 0.03 02 0-02 0.01 0.0 0.00

0.00

oleo

0.6)

0.00
0.00.00

0.00
1100

00
0.00

0.0
0.40
0.80

- I

SCREEN"
it Wj H. W -2-

,CREO
HkW,

A.,

A, = 1,s..W~0n cd
wri0Sicd-3-M

xWL-~

C164 ObhttIon, Smoth Cylaer in 1ec12ngular Duct

S . dW(Aa < O 3
A.L t where

Re f(d, Vj)

S -A Sg,
,W R1O00 0.0 0.05 ae 0.1$ 0.20 )"1/ 11UG48 U0 0.05 0.10 0.35 I2

OW 0 0. 0.10 0.21 035 0.47 400 0.00 0,04 0.10 0-16 0.21
0.3
200
300
40a
s5lo
610
SO'rJ

0.0 0.1

ass 30.5

200
410
$10
600

MO 11.1
0.1 L0.

U.S
211!
SO'S
4(0
5va

0.15 91
655

200

"Or,
SM
f'00

D-W
OD3
DIME.01

0.0a
0.01

0.00
O.OD0.0

0.01)

QOM0.0.)
0.00
(OO

0.00

000
04'0

at,)

0.00
4.00

*40

1 IX.

I*420x

0.0
0.08
0.07
OX0
0.04OM

0.05
0.05
0.07
0,05
k04
qA'0.024.02

0.09
0.07

804

0.0$0.04

0,02
07

0,07
A6
-)051).147

0.42
62

01 IA

0.17
0l?.
0.16
0.11
0.09
0.05
0.05

02)
0.17
0,17

0.09
O.04
0.03

0.20
0.36
0.06
0.15

.0.04
4105

0.14a19UJO

034*2'
01M

028
028
0:26
0119
0.14
0.07
0:09

0.34
0.2?
D27
0;25

043
0478

0.32
0.26

0.26
0.24
0.17
0.13
0.01

0.31

(125
0.23
ILl?
43.2

0.22

032
0.33
0.35
0.25
0.19
0.10
0.11

0.-46
0.37
0.37
034
0.24
0.28
030
0.11t

0.44
'135

0.21
0.18

OM

0.0
0 ,0

p4
4144

I) 2

103 4

500
600

6)
10(20

0,25 0.1
0,5
2200
310
400
20

60

30( 7J
4.0 0.1

203

4100
00

601!

10!

AM D0.5
NO
300
400
501

l

0. 1

NO
400

5t!0

020
DAO
DO

0.43
0.02
0 62

0.07
eN
0.04

0.1

0:09-

A5-593
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CR9-1 Damper, Butterfly

C, Values-
-0 HxW

RIW 0 10 20 30 40 50 60 65 70 90 -

0.12 0.04 0.30 1.10 3.00 8.00 23.00 60.00 100.00 190.00 99999
0.25 0.0 0.33 1.18 3.30 9.00 26.00 70.00 128.00 210.00 99999
1.00 0.0 0.33 1.18 3.30 9.00 26.00 70.00 128.00 210.00 99999
2.00 0.13 0.35 1.25 3.60 10.00 29.00 80.00 155.00 230.00 99999

>SUP IN FRAME
CR9-3 Damper, Parallel Blades S

C, Valuesx

-HxW
LIR 0 10 20 30 40 50 60 70 80 A,
0.3 0.52 0.79 1.49 2.20 4.95 8.73 14.15 32.11 122.06
O.4 0.52 0.84 1.56 2.25 5.03 9.00 16.00 37.73 156.58
0.5 0.52 0.88 1.62 2.35 5.11 9.52 18.88 44.79 187.85 C E
0.6 0.52 0.92 1.66 2.45 5.20 9.77 21.75 53.78 288.89 UR=2+W C.EAFEDGE
0.8 0.52 0.96 1.69 2.55 5.30 10.03 22.80 65.6 295.22 where
1.0 0.52 1.00 1.76 2.66 5.40 10.53 23.84 73.23 361.00 N =numberoldamperblades
1.5 0.52 1.08 1.83 2.78 5.44 11.21 27.56 97.41 495.31 W=ducldimensionparallItoblade axis.in.

H=duW bighthin.
L = pum of damper blade lengths, in.
R = perimeler of dulin.

CR9-4 Damper, Opposed Blades sSLIP IN FRAME

C, Values
0

LIR 0 10 20 30 40 531 60 70 80 HxWA
0.3 0.52 0.79 1.91 3.77 8.55 19.46 70.12 295.21 807.23
0.4 0.52 0.85 2.07 4.61 10.42 26.73 92.90 346.25 926.34
0.5 0.52 0.93 2.25 5.44 12.29 33.99 118.91 393.36 1045.44 \CRIMPED
0.6 0.52 LO 2.46 5.99 14.15 41.26 143.69 440.25 1163.09 NW LEAF EDGE
0.8 0.52 1,08 2.66 6.96 18.18 56.47 193.92 520.27 3324.85 R =2(H+ W)
1.0 0.52 1.17 2.91 7.31 20.25 71.68 245.45 576.00 1521.00 where
1.5 0.52 1.38 3.36 9.51 27.56 107.41 361.00 717.05 1804.40 N numberof dampr blades

W =dud tcnmensdoapepaallel to bWade axis, in.
H duct height, in.
. -sum o damper blade lengths, in.

R = perimeter of duct, in.

CR9-6 Fire Damper, Curtain Type, Type B

C, 0.19

MOUNTING ANGLE (TYP)

TYPE "B"FIRE
0 DAMPER (VERT.
A. OR HORIZ.)

"S" SLIP

FIRE BARRIER
DUCT

(W.xH)

A5-594
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35.57Duet lesigu

EU-I Belmonuth, Plenrn to Round, Ezclawt/itftan Systems

Ap, (LOO CAI 0.02 0.0 ,04 0, 06 .S 0.10 0.12 0.16 00 10.01

S 022 0.20 0,35 014 02 0.10 0,09 0.07 0.05 004 0.03 0.01 0,01 - FAN
2.0 0.13 0.1 .0, 0.09 urn 406 0.05 0.04 0.03 0.0! 0.02 0.01 0.01 -

2.5 0.9 0.07 0.05 U.S 004 0.04 0.03 02 0.02 0.0 0.0 01 0 0,00
30 0.06 0.05 004 0,03 0,03 A*2 0.02 .02 0,01 0,01 0.01 0.00 0.00

.0 0.03 O03 0.)2 0.02 0.02 0.01 0.01 0.01 0.01 101) 0.00 0,00
9,0 01 0.01 0.01 0.00 0.0 D.I 0.00 -. oo0.0 om 0. 0 nti - -

EnS34 Ekhw, 90 Degoe.,Vordablo I11031/194e Ateos,
ExbaustfReturn Syslems

C Wnes

111W, 06 0, ho 12 1.4 1.6 2.0
0.5 176 1.A3 1.24 iJ4 1.0 -% 1.6 W.

Lot 110 116 Lis 1.02 0.95 0.90 0.4
4.00 1,46 1) 0.90 0.81 0.7 0.72 06 TOFAN
10M. 150 1.04 0.19 0.69 0.63 0.60 (US

WIx

ER4-1 Transition, Reetangular, Two Slits Paralle,
Synintrkal. ExhasflRetro Sysenis

C. Valtues

3.6I 10 Is 20 J0 45 60 91) 120 ISO 1"
0,06 0.26 0.27 U.-4 0.56 0.31 0.36 0.1 0.91 0r 0.93
0.J0 024 0.26 U16O 0.53 0(9 0, 0.93 0.93 3.92 0.91
0.25 017 1.19 022 0.42 0.60 0,69 0.70 0-69 0.67 0.66
050 +OA4 0.D 0J5 ,24 0.35 0.37 0,33 037 0.36 0.35
100 0.00 0-00 0.00 0.00 000 0.01 0 0.0 0 O.0 0,00
2.(10 0.23 0-20 .21) 0.20 0.24 4.2R 0.54 0.3 1.02 109
4,00 0.) +64 0,64 O4 ASS I2 27 43R 5.65 6.61)

600 1I2 A4 1-4 1A4M 1.93 .53 6.56 1020 130 15.20
1000 5,3 160 .10 5.00 6.50 3.01 19.20 29J0 37.3 43.10

E z3 TIraslilon, Rectangobr to Round, Exhautsreiurn Systems
,4 Va4ue,

4,14, 10 IS 2 30 4s 6) 90 1:0 ISO IS

0,06
0.10
0+25
0.$0
0CO
2.1IYJ

4JYJ

10f1

(1.31 U.34
03) 0-50

,125 (U6
0.1!0.21
ii1N 0.1.)
O% 99O I
1 19 11:7S

10 1.67
'.09 5.2

0±11
u.53

D25

*26
I>79

5.05

010
0 .6

20 

I2 )

0:77
0.75
058
0.33

6.50

0,330114

0.33
030,2-,
..12

8A

095

034

0.40
MA9

19J1>6

0M9
0.91
V4
032
OAD
(1.23
4-33
014

3..07

03
0.91
0,910a2

5.2

37.01

0.9
0.50
03

a.0
I0

65!

43.0

TO
FAN

L

r
4 TO

- 01 FAN
4-
5-

) is Iag~er of D, and e2

A5-595
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W12-3 Plain Diffnnr (Two Sides Paralel),Free.Discbarge

- 0
A,. leenl 8 10. 14 20 30 45 60 90 120

1 50 O. 0,00 0,11 0.0 0.00 0 0 00 O OA o.n
30 0, 0.00 0.00 0.00 0.00 0.00 0.00

20 0.40 0.00 0.00 0.0 0.00 0.00 04 0.00 0.0)
40 DIM 0.00 M 03 .0 0.00 0.00 0.00 0,00

200 0.00 0.00 0O 0,0 (101 0,00 00 O. 0.00
2 50 030 0,51 0.560 .63 O.9 0.6 LW )09 1.09

30D 4S 0.50 066 0.63 0.80 036 L04 1.09 1.09
200 0.44 0.47 03 0.63 014 0.93 1.02 .08 1.M
4M 0.40 0-42 D0 0.62 0.74 0.93 1.02 1.08 IM

2000 0.40 0.42 030 0.61 0.4 0,93 1.02 03 1,03
4 ' 50 034 0.33 DA8 0.63 0.6 0.9! 1.03 1.07 J-07

1D0 03 036 0.45 939 0.72 088 1.02 107 1.07
200. O2 031 0.41 0.53 0.67 0.85 0,M 3.0M 11
40 0.22 0.27 D.39 0.33 0-67 933 0L96 ).06 L06

200s 0.22 0.27 039 0.53 4.67 .3 0A 1.06 1.6

6 50 0.32 0.34 0.41 0.54 030 0.94 0% 3.03 LS
I 0.27 0.30 0A 636 0.0 0.4 OA 1.03 10

200 0.24 027 0.36 0.52 0.47 0.81 0.94 1.06 1,16
400 0.20 0.24 03 0.52 0.67 0.31 9,94 3.00 .1,0

200 0.183 0.24 0.34 0.50 0.67 0.9 094 .03 1.05

St2-l5 Pyramtal Diffuser, Free Disebarge

A,1,, le/100 8 10 14 20 30 45 -60 90 120
50 o. 0.0 0 0.04 0.03) .00 0.00 0.40 0.0 a.00

300 00 00 0. 0.00 0.00 A10 0,110 0,M0 (.00
210 (Lo0 0.00 0 0.On 0.00 0.0D 0.0 050 0.00
410 0.00 0D0.o O01 (100 0.0 MD. 0.40 0 . 0.00

20I0 0.1 0 0,00 .00 0.00 0.0 0. 0.09 0.00
2 is

2 0
10

200

2010

4 50
10

203
4w0

7000

05 0.
001 0166
0.7 0.61
0.50 .56
0.50 05
0.53 0.60
0.49 0.55

0,42 0. 0
0.6 0.44
0.36 .44

0.74
0.73
0.71
0.61
0.64
0.69

0.66
0.62
A(6
0.36

6 50 0.50 0.57 0.6
3DO 0.47 (54 0.63

20 0,42 0.43 0.60
400 03)4 (k44 056

.20 0.34 044 e-56

0.82

.481
0.29

036
0.3
0.73

0310;74

0.77
024
0.33
0.3
0.73

0.2

a.90
O.UO

D.87
030

.87
0.84

0.980,93

054
0.26

LOS

I'
Lo
1,02
1.02
11D2
1.02
1.00
039
0.99
1.02
1.2
1.0
0.98
0.98

1.10

2.07
L070

3.01
3.07
1.06
L06
1.06
J.07
JA7
.06

1.6r
1.06

1- -
FREE
DISCHARGE

-- 4

lV ~FREE
S DISCHARGE it

L-4 f IL

Ois laerof 1 -in 07,

LOY UnS1.6q. 1.08

1.09 :3.L

1.08 1.03s

1.09 L.9

1.0 108
[.04 lOS

1.08 3.37

t0 50 0.45 0.53 0A4 0.74 (.5 (l9- 810 8.12 1.12
1013 04' (.48 0.62 0.73 0.35 0.97 L10 1.12 i12
201 0.34 0,44 056 069 O2 0.95 1.30 . 11 Lit
4D 0.28 0,40 035 )),67 0,V 0.93 1.09 1 11 t .11
N0R 0.29 (AO 0.0 S 0.67 0 0.93 .W ill Il

S112.6 PyroashalMIN~er, .11b Wal

t4 03 3) 2.f 3.0 . 20 5.0 6.1 8.0 01! 2.0 44.0

II 26 !314 I. I 1 1 K 7 6 & 5 ISOARGE

A5-596
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Duct Design

SR3-1 Elbow,90 Dere, Vadisbleklet/Ontlet
Areas, Supply Air Sytems

11/W, 0.6 U. L1 U IA Ls 20

025 063 U.92 r.24 164 2.44 2.1 4.24
1.00 0.61 0,7 1,15 1.47 Ld 430 334
430 053 41.70 0.0 - 17 1.49 L4 2.64
10.00 034 0.67 D,79 0.99 123 L54 2.21

Calculation No. 145579-D-CA-056, Rev. I
Attachment 5
Page 30 of 32

35.61

H
MROMW

SR4.4 Iransition. Redangular, Two Sides Parollel.
Syu,.etrle.I, Supply Air Systems

Ciples

Ap, to is 20 30 45 60 90 120 IO 10
0O OM0 0.05 0.05 0 i65 007 0.0 .19 0.2 0.37 0A4

0.17 1.05 0.04 6w .04 0 4 0.01 0.18 0.23 036 42

0.25 0.05 .4 0.04 O 0.06 O0 a17 0.27 0.35 Q.4
0:5D 0.06 0.0 .05 0.0$ 006 007 014 0.20 026 27
1.01) 0. 00 0 0 )d 0.00 0.0 400 0.01 OG 1 0± 0
2.0 0.56 0.52 0.60 0% #40 48 1.52 1.48 144 40
400 2.72 304 I32 6.72 9.60 10M 11.20 11.04 10.72 IM6

0O0 24.0 260 310 501 49.00 aou 9340 93,00 92.0) 91AM

16.00 66.3669.J2 M2AO 136 148.76 220.16 1%C00 25344 250M 250.33

SR4-3 Transition, Rouod to Rectangular, Supply Air Systems

C V.le

APfA, Jo 15 20 30 4S 60 120 159 130

0A. 0.05 0.5 115 05 0.07 0.23 a.19 029 031 (.43
u.17 u035 0.05 0.05 O±4 0. 01 0.1 0:25 0.36 0.42

f25 .)6 aas 0.)3 o.w. O.6 *-7 0.17 0:27 0.3$ 0.41
0.30 060.06 (f)r 0.05 A.06 1.,6 0.32 0.3 0.24 0.25

1.0c,0 ;) 0110 0:4)0 0.w OM 0.1- 0.40 0AXI 0 0 .0 00
26O 0.60 IML 3. 1,20 -. 32 4.32 12 .2 1.24 1.211
4.00 4.410 576 720 N.32 93.2 9.9 0.24 1024 1424 10.24

A O 304 0 . .3 714 8403 "4. 1 9) (;1C) 91.00 M.0O
t6X1 .10 3.s 2 320 TAi 147.1 225.2^ 2432 250.5 25.1 015

- -

FROM A 4, 0H
FAN Q 

2

AIA4 Or >1

T-

(1 -

0 5 11R~ 7C , ,I. 0,

A5-597
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81R5-1 Smooth 1AtATypeA A+4Q A.,Itrfchfl~t. Mom, Dfrerging

A,IA, AgIA. 0.1 02 03 04 05 0. 0. 0.8 0.9
0.30 %25 344 0.70 030 0.10 0.17 0.16 0,16 0A 0.19

050 11.00 237 L06 0.64 0.52 47 0.47 0A7 0.48
140 60.00 [A.0 41S 206 0.96 4.47 0,31 0,27 0,26

0.73 02$ 239 035 035 03 0.33 0.33 036 037 0.39
,5G 3200 2.50 0,89 0-47 0.34 031 0,32 b.36 0.43

1A 70010 [5W 547 2.6 136 0.78 033 0141 0.36
1.00 0.$ 3A4 0.3 OA2 033 30 0.31 0.10 042 0.46

0,50 I55 3,0 ItI 0.62 0A 0,12 DAO 042 0.46
1.00 67.00 13.75 5.31 2.31 1.23 0.83 0.59 0.47 0.46

C, Valis n

4A, A A, 0.1 0.2 03 04 .5 0.6 0.7 0.8 0,9
SD 0.25 875 2.62 050 0.17 .05 0O0 -0.02 -0.02 00

0.50 7,50 I.12 025 0,05 0 ,05 09 0.14 0.19 022
1.00 5,00 0.62 0.1 t 01 .08 (.00 0.12 0,15 0.39

0,75 0.25 19-13 3.38 lEO 0,28 *OS -- 112 -. 02 OW 0.06
0D.5 2062 323 0.75 0t4 -0.02 -P,05 -0.5 -0.02 0.03

LO9 1638 2.61 0.63 0.11 -0.02 -DS 0.62 0.00 0.61
1.00 0.25 4630 9.50 3.22 1.31 0.52 0.14 -0,02 --0.05 -0.01

030 35.0 6.75 2.11 035 0.24 0 -030 -. 0 -0,04
3.00 3.0 7.50 234 0.1 O.24 -O3 -. IY -0.06 -4.02

SR54 WyeofhOeT'ypeA,+ A,>4iA, -A, 45Detre, INverwing
C V.I.. ±

QSQ.
A, 0.3 02 013 0.4 0.5 06 0.7 U8 #.9
0,1 DA0 0.52 D.57 0.55 0.64 057 0.70 PM 0.73
0.2 L24 0.5f 0.44 0.45 0.51 -.4 0.59 1.60 0.62
-3 5-94 LO 0.52 0.4 044 DA6 0A -032 0.54

DA 10.6 1,8 0.71 04- 03 031 0U1 012 034
*5 .17,75 125 j,14 059 0.40 0.31 0-0 0.30 011
Q.6 26.64 5.04 176 4A3 0.5 0.36 0.32 0* 030
0M 37.73 7.23 2.56 1,16 0.67 DA4 0.35 0,33 03D

01 49.92 .92 34h MO4 0.7 0.55 4142 035 0.31

QsQ, 0.' 0.2 0-3 .4 05 0.6 0. 1.0

C, 32M 6.30 222 0.8 0.4 0.7 0.03 OM

SRS-5 Tee of the TypeA, +A > A ,A, = A, Diverving

A, , 1. 0.2 03 0.4 If5 0.6 117 0 W)

0.1 20231.29 0.99 0.57 O8 0 0,$7 0.5 053
0.2 5.16 1.92 1.2 L3 .99 0,94 0.9 0.91 1)9
0.3 10.26 2.13 I.7 L28 1.36 1.06 131! 0.97 0.94
(., 15.S. 4.36 2.24 48 1.1! k183 0.90 O.7$ 0.72
Q,5 24.25 C,31 3.03 I 35 3103 0.9) 0.84 1)'3
0.4 3&.56 2 . 41 [.64 .22 I 104 0.9 b.ST

0.7 4&5 1 .'7 3 1, 2.60 1.4 (20 ).Or, 3-e
.R 61 1.7 2 6'4 '72 24 6 . L$8 L23 1Ai?

tQ Q 0. 2 0) 0A 4 0. [. 0,3 [00
U ~ ~ ~ T -'0 SO -, 014 oi, :1 1.

%=to
k& i Ak

-K
A

4 04

0,a

g+1~

A5-598
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Tel: ASHRAE DUCT FITING DATABASE
Fac Version 2.5.0 Thursday, Februaky2, 2006

(CRB-) Orifice, Thick-Edged
(Idelchik 1986, DIagram 445)

INPUTS ouTPUTS

Height (Ho, in.) 5.3 Velocity (Vo fpm) 2054

Width (Wo. In.) 5.3 Val Pres atVo (Pv. in, wg) 0.26
Height (HI, in.) 4.9 Loss Coefficient (Co) 0.27
Width (W1. in.) 4.9 Pressure Loss (in. wg) 0.07
Length (L, In.) 24.0
Plow Rate (0, ofhn) 400

L/Dh

0 0
A;

W x H

HL-t

Ao

> 0.015

Dh = 2AI /(H, ± W,)

02/2312008 LtersroI,: ±5.0

A5-599
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no criteria necessary

7. Assumptions and data described and attached or referenced to task Y Pg 5 Section 2.2 and
documents. Attachments 4 & 5 V

8. Calculation method identified and appropriate for the design activity. Y Pg 8 Section 4.0

9. Calculation results reasonable and correctly described in Results & Y Pg 9-10 Section 5.0
Conclusions. /

10. Computer Program identified with version and revision. Y Pg 8 Section 4.0 last
Paragraph 3 _

11. Computer Program references method used, etc. Y Pg 8 Section 4.0 2d

Paragraph 7

12. Computer input/output provided. Y Attachment 2

13. Computer runs traceable to calculation. Y Section 6.0

14. Computer input data within permissible design input range. Y Attachment 2 3

15. Computer Program validation/verification addressed. Y Pg 9 Section 4.0 last
Paragraph %
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EP 3.9-4F October 2003

A5-600

RPP-24544 REV Id

9



RPP-24544 REV Id

2. Spreadsheet Owner, Organization MSIN, & Phone No.: John J. Irwin, 375-7866
3. Spreadsheet File Name and Version No.: M:\Demonstration Bulk ViTiscal Year 2006 Work\Calculations\OGTS Bypass

Thermal Hydraulics Analysis\Work Files\Bypass Duct Elements 8 inch.xls 3/24/06

4. Function and Purpose of Spreadsheet: Calculate Thermal Hydraulic K-Losses and Heat Transfer Coeffiecents for DBVS OGTS
Bypass System

5. Spreadsheet Category, [3 Critical Spreadsheet Non-Critical Spreadsheet Multiple-Use Spreadsheet

- 6. Associated Document(s): Calculation 145579-D-CA-056 Sa. Attachments: NA
7. Scope of Verification: 2 input Data M Formulas 5 Changes Only 5 Macros/Add-Ins 5 Other

8. Scope Description: Scope of verification was limited to 15% of the input fields to the calculation and the External Convection
and:Thermal Radiation Coefficents

9. Verification Checklist: Yes No NA
a. All unique formulas in spreadsheet have been checked that they correctly perform their intended function. 0 0
b. Non-unique formulas have been reviewed to confirm that they have been correctly copied. 0 5 0

- c. All values are correctly labeled with units. 0 0
d. Formulas were checked for dimensional consistency. 0 0
e. Spreadsheet contains no hidden pages or formulas/data on hidden ranges/pages have been verified. 9 5 5
f. Links to external workbooks have been verified. 5 0
g. Input data used in the spreadsheet are appropriate and have been checked against their original source. 0 0 0
h. Spreadsheet has been reviewed for common errors. See TFC-ENG-DESIGN-C-32, Attachment C for guidance. 0 0
i. Assumptions in the spreadsheet are reasonable and supportable. 0 0
j. Macros contained in the spreadsheet have been verified for correct operation. 0 0
k. Add-in software is commercially available software, suitable for its intended purpose, and is a production version of the 0 1 9

software (e.g. not be a "beta" or test version).
1. Spreadsheet contains a documentation sheet with spreadsheet purpose, methodology, assumptions, and reference to 9 E 5

current SVF No.
m. A change log is included for multiple-use or revised single-use spreadsheets and all changes in the log have been verified. 5 5
n. If the spreadsheet Is a critical spreadsheet, a published spreadsheet description document has been produced that 0 0

provides a description of the spreadsheet purpose, assumptions, methodology.
o. Spreadsheet has been protected against inadvertent change per TFC-ENG-DESIGN-C-32, Section 4.6.3. 0 0 0
p. All errors identified during verification have been corrected and the spreadsheet is suitable for its intended purpose. 9 0

10. Comments: (Explanation for any items marked "No" must be provided)

See attached pages for verifcation evidence (32 pages attached)

. 11. Approvals/Clearance: Printed Name: si tur Date: Release Stamp

Spreadsheet Owner: John J, (rwin

Spreadsheet Verifier: Kurt J. McCracken -3 -,%M

Owners Manager: Ja-Kael Luey

LCCB Approval (if required):

Clearance Review:

When completed, submit the original hard copy signed SVF form together with a protected electronic copy of the spreadsheet (in *.xis or *.xlt format) to
the Document Control Service Center for records retention and release. See Form Instructions for how to transmit spreadsheet electronic file.
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DMJM H&N AECOM
Project Number: 14557945579

Page 13 of 1342

Calculation No l45579-D-CA-056145579 P
-GA.0Q56
Rev. No. : 0

Calculation Title: DBVS OGTS Bypass System
Thermal Hydraulics Analysis

ORIGINATOR: John Irwin
200602 2 k 2006

CHECKER: Jack McConwcll

6.0 Calculations and Analyses

The AFT Arrow model, as shown in the figure, considers the process loop as follows:

"I V" Pr1

q~~~~ ~ ~ ~ ~ ~. ..... . . ... . . . .. . . . .. . . .

I PuJ Ctesm 4 S E-01 .i M vu yi .%

-

11
4r_ - -- r~ uH b''~- tL~

The drawinwgs used to dovelop the AFT physical model aic contained in Attachment I
the AlT Arrow Input and Output ii LIs tbr the various cases analyZed arc in
AItachmenit 2. Attachment 3 contains the how coemlcient and physical configuration

Form ii' 3-21F April 200S
A5-603
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Calculation No. 145579-D-CA-056, Rev. I
Attachment 2

Page 9 of 9

AFT Arrow 3. (1 of 6) 2/1712006 12:42 PM
DMJMH+N

AFT Arrow Model. OGTS Bypass System T-H

Title. AFT Arrow Model, OGTS Bypass System T-H Model Case 2
Input File: C:AFT ProductswAFT ArrovAypass Flow 8 inch Pipe Rev Baro

Number Of Pipes= 25
Number Of Junctions= 26

Length March Solution Method with Mach Number Limits
Length Step Size= 12 inches
Mach Number Increment= 0 0 1
Pressure Tolerance= 0.000 1 relalive change
Mass Fkr Rate Tolerance= 0.0001 relative change
Enthalpy Tolerance= 0.000 1 relative change
Flow Relaxation= (Automatic)
Pressure Relaxation= (Automatic)
Resistance Relaxation= (Automatic)

Fluid Database: AFT Standard
Fluid: Air
Max Fluid Temperature Data= 1000 deg K
Min Fluid Temperature Data= 200 deg. K
Molecular Weight =28 .7 amui
Gas Constant =0.06855 Btutbm-R
Critical Pressure =37.25 atm
Critical Temperature =132.41 deg. K
Acentiic Factor =0.021
Equation of State- Redlch-Kwong
Enthalpy Model= Generalized
Specific Heal Ratio Accuracy = High
Atmospheric Pressure2 14.5 psia
Gravitational Acceleration= 1 g
Standard Pressure= 14.696 psia
Standard Temperature 60 deg F
Turbulent Flow Above Reynolds Nunrier- 4000
Laminor Flow Below Reynolds Number- 2300

Pipe
Defined

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Length

64
104
163
62
22
72

141.5
6

Length Hydraulic
Units Diameter
inches
inches
inches
inches
inches
inches
inches
Inches

9 1Pipe I Yes] 106 inches
Yes1 8
Yes 6
Yes 12
Yes
Yes 1969
Yes 27fl
Yes 18
Yes 12
Y~ 42
Yes 2 :

Yes 64
Yes_ 04
Yes U
Ye _ 2_68_
Yes ____0_5_

inches
inches
inches
inches
inches
inches
riches
Iches

niches
mches

iches
.ichis

ches

__feet

6065
6,066

4 026
6 065
4 025
6065
5047
6065
6 065
f6065
6 065
6065
8329
8 329

8 30

8 329
.9 329
8 329St9

2 39
60G

0,17I, (165

Hydraulic
Diam. Units

inches
inches
inches
inches
iches
iches

inches
Inches
inches

Fricton
Data Set

Unspecified
UnspecIfied
Unspecified
tinspeiid

_Unspeofied

Unspecified

rursgerfied
Unspecified

Roughness

000015
000015
0 00015
000015
000015
0.00015

0 00015
000016

inches Unspecified 0.00015
inches Unspecfie.d 0.00015
mches Unspefied 000015
inches Uinspecied 0.00015
inches Inspecfied 000015
iches Unspeifed 0 00016

inches I hispe iedr 0 00016
i.ches Unspecified 0000 lb i
miches Unspecified _0 000 11
nches Unspeci'ed 0.00015

U prcrfmed 0 000 ;
,In rhes Unpecified 0 Q i5

inches UI Il'pcerd 0 000 lb
inches tl on 00111

cnthes_ Unspiinrd L 013_

Roughness Losses(K) InitiallFlow
Units

feet 2.9 _
feet _

feet
feet _ 4
feet
feet,
feet

feet
feet _ 3

feet

feet ____ _i(~

feet 0954 irP
feet -o'3pE
feet
feet 11
feet &
feet off
feet

-eet
fret 2 , 0}
ledIt _ 0&
feet A4 C_4

____fpel __J

A5-604

PIIIe finlut Table

kPipe 
Name

I_ _ Pipe,
'2 Pipe
3 Pipe l

jW3FEs

S Pipe

_6 pipe

12
13
14

AL
16
17

19 j

2_
2 3
30

Pipe
Pipe
Pipe
Pipe
Pipe
Pipe

Pipe

Pipe

T
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Calculation No. 145579-D-CA-056, Rev. I
Attachment 2
Page 10 of 50

AFT Arrow 3.0 Input (2 of 6) 211712006 12:42 PM
DMJMH+N

AFT Arrow Model. OGTS Bypass System T-H Model Case 2

Pipe Name Pipe Length Length Hydraulic Hydraulic Frctio Roughness Roughness Losses (K) Initial Flow
I I Defined Units Diameter Diam. Units Data Set Units

31 Pipe Yes 05 feet 8.329 inches UnspeIled 000015 feet 0
Pipe Initial Flow Junctions Geometry Material Size Type Thermal Ambient Temp.

Units (UpDown Boundary_
I L 2 Cylinducal Pipe Stainless Steel 6 inch schedule 40 Adiabatic
2 2 3 Cylindrical Pipe Stainless Steel 6 inch schedule 40 Adiabatic
3 3, 4 Cylindcal Pipe Stainless Steel 4 inch schedule 40 Adiabatic

. ..... 4 5 Cylindrical Pipe Stainless Steel 6 inch schedule 40 __ Adiabatic
S5,13 Cylindrical Pipe Unspecified Adiabatic
6 6,7 Cyindrical Pipe Stainless Steel 6 inch schedule 40 General Heat Transfer Ht5

am 7,8 Cyhndrical Pipe Stainless Steel 5 inch schedule 40 General Heat Transfer 115
_ 8, 91 Crylindncal P'pe
9 9, 10 Cyliudrical Pipe

10 10. 11 Cylindrical Pipe
It 9, 12 Cylmdrical Pipe
12 12 11 Cysndrical Pipe
13 11 13 Cylindrical Pipe
14 13, 14 CylindricalPp

m$ 14 IS Cylindrical Pe
16 1_, 16 Cylmldncal P-pe

11 16, 17 Cyindrical Pp e

18 - 7, 18 Cylindrical Ppe
19 8, 19 Cylindrical Pipe
20 19, 20 Cylinrdncal Pipe
21 21,22 _Cylindrical Pjpe

22 22 23 .Cyndrcal Pipe
23 23 13 Cyldricat Pipe-
30 8,30 Cylndrical Pp
31 14, 31L Cyindica PRe

Pipe Ambient Temp Special
Units Condition

None
2 None
3 None
4 None
-5 None
6 deg. I None
7 __ deqE _ None
8 de_, F None
9 d ___ None

10 __dgj None
11 deg F None

_ 12 d eg F None
13 deg f None
14 deg, F None
15 deg F None
16 deg, F None
17 degoL None
)8 dg, F None
19 deq. F None
20 dei f Ni..
21 None
22 , None
23 None

Nc~r
30 None

Stainless Steel
Stainless Steel
Stainless Steel
Stainless Steet
Stainless Steel
Stainless Steel
Stainless Steel
Stainless Steel
Stainless Steel
Stainless Steel
Stiinless Steel
StrIness Steel
SLainles Sleet
Slainless Steet

Siless Steel
Stainless Steel
Stainless Steel
Slirless 'ifeel

6inch schedule40 General Heat Transfer 115
C inch schedule 40 General Heat T ransfer 115
6 inch
6 inch
6 inch
8 inch
8 inch

B inch
8 inch
6 inch
8 inch
8 inch

12 inch
6 inch
6 inch
5 inch
8 inch

schedule 40 General Heat Transfer
schedule 40 General Heat Transfer
schedule 40 Geneial Heat Transfer
schedule 10 General Heat Transfer
schedule 10 General Heat Transfer

General Heat Transfer
schedule 10 General Heat Transfer
schedule 10 General Heat Transfer
schedule 10 General Heat Iriansfer
schedule 10 General Heat Transfer
schedule 10 General Heat Transfer
schedule 10 Adiabatic
schedule 40 Adiabatic
schedule 40 Adiabac
schedule 40 Adiabatic
schedule 10 Adiabatic

115
115
115
116
115
'IS
115

115

il

A5-605
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Calculation No. 145579-D-CA-056, Rev. I
Attachment 2
Page 23 of 50

AFT Anew (3 of 6) 2/17/2006 12:46 PM
DMJMH+N

AFT Arrow Model. OGTS Bypass System T-H Mode

Pioe Loss Table
Pipe

Losses
12
13
15

21
22
23

K T otal

1.31

3.48
0.04
0.11

Standard
Bends

Mitre
Bends

Smooth
Bends
1 (021)

Angle
Valves

Ball-
Valves

"Ill'
Bumerfly
Valves

Cylinder
Valves

Gate
Valves

Globe
Valves

PJg
Valves

Poppet
Valves

Pipe Three-way Svwng Check Lift Check
Losses Valves Valves Valves

12
13
15 ______
21

Tilting Disc
Check Valves

Stop Check
Valves

Sharp-edged Long Contractions Expansions
Orifice Orifice

22 1;-- -
23F

Pipe Entrances Exits Differential Honeycomb Screen Tee Addi Loss
Losses Flowmcto

12 _ _ _ _ _ _
13 { 1

3S __ __ ____ ___ 1) _1

21 _ __8}
22 (004)
23 __1_i _ 11

Area Change T ble
AreaChange Name 'Object Elevation Elevaion Init1al Pressure Initial Pressure Database Type eometry

Delined - Units U..ts Soi
3 Area Cang e Yes 0 feet Concal onkacion

I Area Chaic Yes 0 feet
_Jf _ AreChange Yes 0 feet

Area Change Yes 0 feet

Area Change Angle Loss

3 22 0 439751

CaormpessorIFan Table
Compressor/Fan Name Object Elevaton Elevation nlbalPressure IniialPressure Database Special

Deimed Uns Units Soirce Conditior_

_17 _ ____N31-t30 Yes 0 -e I -None
Compressorfin Pump Design low Design Flow Current Iepnde In d. able Dependen

psype R- ae _ Rate Units W Ind. Vrable a _

tComp /Fan Curve [t ow Rate ft3rrmn Presi ts
)m / epNiable Cop iF a Curve Corp ianCuivi Co nCC pF ... p,1 r FnCorve

[Com~rdJ J; TR 1G1V0 _ __

niis Coistarnt a Constant b Conslt c Corstanl _ _ Constit
I in 120std 12429 /l- 0. 2P57E IF 0 ___ 0

A5-606
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Calculation No. 145579-D-CA-056, Rev. I
Attachment 2
Page 25 of 50

AFT Arrow3 l Inptl (5 of 6) 2/i7/2006 12:46PM
DMJMH+N

AFT Arrow Model. OGTS Bypass System T-H Model Case 4

Tank (Pipe #7) (Pipe #8) (Pipe #9) (Pipe #10) (Pipe #11) (Pipe #12) (Pipe #13) (Pipe #14) (Pipe #15)
Kin Kout Kin KOut KjKn.KOut Ki KuII( Kin t Kin, K Out KijjKQ4t K trKOut

20
21

Tank (Pipe #16) (Pipe #17) (Pipe #18) (Pipe #19)
Kin, KOul Kin, KOu KIn KOut Kin, KOut

20
21

Tank (Pipe #26)
K In. K Out

20

_21_

- -1_ I
(Pipe #20) (Pipe #21)
Kin, KOut Kin, KOu

I I
(Pipe #22) (Pipe #23) (Pipe #24)
K In, K Od K In K Out K In, K Out

Tee or Wye Table
Feeo,Wyel Name Obieci Eevation Elevaton iinaiPies sure inital Pressure rD[.,Lbase

ttni, Source
TeefWye

Tone
lons

9 _ Toe or nyr _ Yes o _RoundStraight Detailed
I he or We _ Yes ! 0 I fee Round Straight Delailed

13 Toe or Wye yesi a jr ee Round Siraight Detailed

1 Tee or Wyie Pipes
evn o e Angle Pp

9120
Ii 30
13 46

.tg l a-f

Valve Ta e

[W Tve Nam e,
T an

Object
Defined

Elevaton

10 1 HV-90i Yos 0
12 HV 902 YesI 0

Elevation initial
Units

feel
feet

Initial Pressure
Units

Database
Source

Special Exit
Condition VaIve

Closed No
Closed No

Exil

_Piessunrc

19 V-1671 Yes _ _ feet N_ __ __ ___ one No
23 8 Yes 0 feet No No

valve Exit CdA CdA Loss Loss Independent Find Vanable Dependent Dep Variable Loss
Pressure Units Units Model malie Variable Unis auiable Units Constan a

10 Cv Constant 1194
J2 Cv Constant 1194

19 CvConstant 440
23 Cv_ Constanr 300t

12

Loss Loss Loss toss
Consinol sn Constant . tist d Constant e

A5-607



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

P2 Outlet Transition Flanders, Sudden 12.0 EDI-1 0.500
Contraction, 24 x 6 SQ/6.357

Rnd

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 42.000 CDI 1-1 ARROW
Elb w No. 1 1 90* Elbow, R/D 6 40S 6.065 CD3-1 0.130

1.5. S.Stl
Piping, 6-AA-35-021 S 6" straight duct, S.Stl 6 40S 6.065 62.000 CD1 1-1 ARROW

P2 Elbow No. 2 450 Elbow, RD 6 [ 40S 6.065 CD3-3 0.080
1.5, S.Stl

Total 104.000 inches

8.667 ft

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

J3 Reducer 6" x 4" 6 x 4 40S 6.065/4.025" 5.500 ED4-1 0.220

P3 Piping, 4-AA-35-0218 4" straight duct, S.Stl 4 40S 4.025 163.000 CD11-1 ARROW

P3 Flowmeter 3 ca Size 1 Annubar 4 Vendor 1.635
flowmeter

Total 163.000 inches &
13.583 ft

J4 Reducer 6" x 4" ,$. 0 4 x 6 40S 4.025/6.065" 5.500 ED4-1

'-p

ZN

-v

4C-

04ow-.1
AtJ(;LE req



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

P4 Elbow No. 3 45* Elbow, RD = 6 40S 6.065 CD3-3 0.080
1.5. S.Stl

Piping, 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 12.000 CD1 1-1 ARROW

Elbow No. 4 q . 3fElbow. RD= 6 40S 6.065 CD34 0.080
g? 1.5, S.Stl __*7 _r W'

Pipmg, 6-AA-35-0218 6" straight duct, S.Stl 6 405 6.065 12.000 CDI 1-1 ARROW
Eibow N .O. 0%]bow, RtD 6 405 6.065 CD3-3 0.080

9r 1.5, S.Stl
P4 Piping. 6-AA-35-0218 6" straight duct, S.Stl 6 40S 6.065 38.000 CD11-1 ARROW

Total 62.000 inches 0 _

5.167 ft

J: 1 Reducer 6" x 4" 6 x 4 40S 6.065/4.025" 5.500 ED4-1 le2f A
P5 Expansion Joint. EJ-501 4" 4 4.025 22.000 CR6-3

(ICV Box CP)

B ICV Box Plenum. Stream 280 acfm at -2.46"
No. 9 in, 13 out w.g. and 875 'F, 108

sc fm or 513 lb/hr
J6_ _ (0.143 lb/sec) I

J6 ICY Box plenum CPs Inlet and Outlet Crane 1.500
(inlet/outlet) Losses

C ICV Outlet to BNass Tie 280 acfm at -246"
Point, Stream No. 13

Component

w.g. and 875 F, 108
scfm or 513 lb/hlr
Details i Size Schedule Inside Dia. L ASHRAE

Fitting
No

ASHRAE
Loss
Coef.

Cv

Y'
V

ain

CA.q.o
*4*

Cay

-v
t'J
4"
Lt~
4"
4"

C-



OCTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

(in) (in) (in)

(iCV Box CP)
P6 Piping, 6-VOG-35-0217 6" Duct w 90' Elbow, 6 40S 6.065 72.00 CD11-1 ARROW

Internal to AWTE

P6 E"ow 90 Elbow, RD = 1.5 5 40S -- 5.295 CD3-1

J Reducer 6" x 5" 6 x 5 40S 6.065/5.782" 10.250 ED4-1 .1.49r A 101
P7 Expansion Joint, EJ-502 DME 5" size 5 4.9 24.000 CR6-3

Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 24.000 CD11-1 ARROW
Elbow 45 Elbow, JD = 1.5 5 40S 5.295 CD3-3 g 0.090 AC A
Piping, 5-VOG-35-0217 5" Duct 5 40S 5.295 93.500 CD11-1 ARROW

P72 Elbow 450 Elbow, R/D = 1.5 5 40S 5.295 CD3-3 0.090

Total 141.500 inches

11.792 ft
18 Lateral Wye (For Bypass 45* Lateral Branch 5 x 5 x 5 40S 5.295 10.000 ED5-2 0.040

Fow) Flow. Main Flow
Tqosed

D OGTS Bypass Main 280 ac a .46"
Ducting from Tie Point to w.g. an 75 *F, 108
HEPA inlet, Stream No. sc r 51 b/hr
13

JS Lateral Wye (For Bypass
Flow) __________

P Elbow 45* Elbow, R/D 1.5 5 40S 5.295 i CD3-3 0,090

PS Reducer Standard Reducer, 6 x 5 40S 5.295/6.065 6.000 ED4-1 0.050
5x6", 110

01 /V

-v
~ .~It

0.i
u's

C-

'-3'

.7



01

OGTS Bypass System Fluid Flow Model

J9 Lateral Wye, Forward 30' Lateral Wye, 6 x 6 x 6 40S 6,065 6.000 ED5-2 0.290
Direction Main Flow

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

P9 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 10.500 CD11-1 ARROW
J10 Valve, HV-901 6" Keystone, FIG. 6 5.8125 2.250 1194

362-173, Key-Lok

P10 Elbow 90' Elbow, RJD= 6 40s 6.065 CD3-1 0.050
1.5, S.Stl

P10 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 8.000 CD1L1-1 ARROW
J11 Lateral Wye Reverse 30* Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ED5-2 0.110

Direction Main Flow

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

J9 Lateral Wye, Forward 30* Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ED5-2 0.610
Direction Branch Flow

P11 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CDI1-1 ARROW
P11 Elbow 300 Elbow, R/D = 6 loS 6.065 CD3-1 0.050

1.5, S.Stl
J12 Valve, HV-902 6" Keystone, FIG. 6 5.8125 2.250 1194

362-173, Key-Lok
P12 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CD11-1 ARROW

OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.
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OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

P12 Std Tee 6" Std Tee, Branch
flow

P12 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CD11-1 ARROW
P12 Elbow 30' Elbow, R/D = 6 408 6.065 CD3-1 0.050

1.5, S.Stl
J11 Lateral Wye Reverse 300 Lateral Wye, 6 x 6 x 6 40S 6.065 6.000 ED5-2 0.240

Direction Branch Flow

P13 Piping, 6-VOG-36-0286 6" straight duct, S.Stl 6 40S 6.065 6.000 CD1 1-1 ARROW
P13 Reducer 6 x 8 Std Reducer, 6 x 8 40S 6.065/8.329 ED4-1 0.170

190
P13 Elbow #1 90* Elbow, R/D= 8 lOS 8.329 CD3-1 0.110

1.5, S.Stl
P13 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10s 8.329 114.000 CD11-1 ARROW
P13 EJ -4&3; 8" Expansion joint 8 10S 7.900 11.000 CR6-3 0.110
P13 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 loS 8.329 120.000 CD11-1 ARROW

Total 251.000 inches 0.390
20.917 ft

J13 Lateral Wye, Forward 450 Lateral Trough 8 10s 8.329 10.000 ED5-2 0.290
Direction Flow (Air Inlet Bleed

System@ Branch
flow)

P14 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 loS 8.329 138.000 CD11-1 ARROW
Elbow #1 90' Elbow, R/D= 8 10s 8.329 CD3-1 0.110

1.5, S.Stl
Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 loS 8.329 15.000 CD11-1 ARROW
Expansion Joint, EJ-635 + 8" Expansionjoint 8 7.900 11.000 CR6-3 0.660
5 others

0

Y,

M

U'



Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss

P14 Piping, 8-VOG-36-0286 8" straight duct, S.Stl 8 10s .329 1805.000 CD 11-1 ARROW
Total 1969.000 inches M

164.083 ft

i,14 45* Lateral 8 x 8 x 8 10S 8.329 ED5-2 0:2f

P15 P:ping 8-VOG-36-0286 8" straight duct, S.Stl 8 loS 8.329 CD11-1 ARROW
Elbbt#2 90 Elbow,RD= 8D 10S 8.329 CD3-1 pa- A

1.5, S.Stl
Piping 8-\OG-36-0286 8" straight duct, SStIl 8 IOS 8.329 WM CD1 1-1 ARROW

StdTee Std1 T 8 x 8 x 8 10S 8.329 ARROW
main flow dead

nPping, -VOG-36-0286 8" straight duct, S.Stl 8 10S 8.329 CD11-1 ARROW

I 15ExpansioaJoimt, EJ4-15 8" Expansionjoint 8 7.900 11.000 CR6-3 CA

(HEPA Inlet) 1inches 4
23.125 ft

E OGTS Bypass HEPA
Filter Skid
HEPA Filter skid
Assembly. 36-D58-138

Component Detais Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.

1Ala \y FIG.
1 173, Xy-:Ok

(in)

8
(in)

1 7.625
(in)

2.500

$4AV 4e

-

(S

/

*~I /

uxt

t

OGTS Bypass System Coefficients.

1 Isolation Valve, 36-V-16

OGISIBypass Sys



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

P16 Inlet Transition Flanders 8 OD x 15 8,329 18.000 ED4-2 W
W x 18 H x 18 L 30

J16 HEPA Pre-Filter, 36-N02- Flanders 24 W x 24 14.000
136 H x 14 L, 0.12" w.c

(0.24" Dirty) at 750
cfm

J16 Test Combination Flanders 24 W x 24 20.000
Housing H x 20 L, 0.5" w.c at

750 acfm
J:6 HEPA Filter, 36-N02-131 Flanders 24 W x 24 20.000

H x 19.375 L, 1.0"
w.c. (2.0" Dirty) at
750 acfm

J16 Test Outlet Housing Flanders 24 W x 24 20.000
H x 20 L, 0.5" w.c a,
750 cfm

J:6 Outlet Transition Flanders 8 OD x 15 8.329 12.000 SD4-2 0.060 .04"
W x 18 H x 12 L, 45 @

750
cfm

Total Pressure drop at 2.12
750 cfm

F OGTS Bypass H EPA
Filter Skid Outlet Ducting
With Fan to Stack -

a
C'
A

M-



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

P1 S1, Piping. 8-VOG-36- 8" straight duct, S.St, 8 i0S 8.329 12.000 CD11-1 ARROW
0319 w 8 x 8 x ' red tee,

flow thru
P1 Expansion Joint, EJ-616 8" Expansionjoint _10s 7.625 CR6-3 0.110

Total 12.000 inches

1.000 ft
J!- Fan, 36-N31-130 1125 ACFM Fan,

NYB 1508, See Data
Below

P18 Elbow 90' Elbow, RiD = 8 10S 8.329 CD3-1 0.110
1.5, S.Stl

Piping, 8-VOG-36-0319 8" straight duct, S.StI. 8 10S 8.329 6.000 ICD11-1 ARROW

P18 Piping. 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 36.000 CD11-1 ARROW

Total 42.000 inches
3.500 ft

J18 Backdraft Damper SNUPPS Data See
Below

P19 P:pmng, S-VOG-36-0319 8" straight duct, S.Stl 8 IDS 8.329 12.000 CDI1-1 ARROW

J19 Isolation Valve, 36-V-166 8" Keystone, FIG. S 7.625 2.500 2440
362-173,Key-Lok

P qpimg 8-VOG-6-0319 8" straight duct, S Stl 8 IOS 8.329 CD_ _ -_ ARROW

C'
Is'

-o

r:1

C-

" Expansion Joint, EJ-617 18" Expansion joint 8 IDS I 7.625 11.000 .CR6-3 0.110



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

Lateral Wye, Forward 45' Lateral Branch 8 los 8.329 24.000 ED5-1 0.610
Direction Flow
Piping, 8-VOG-36-03 19 8" straight duct, S.StI 8 loS 8.329 108.000 CDI 1-1 ARROW

Piping, S-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 246.000 CD11-1 ARROW
Elbow 90' Elbow, R/D = 8 10S 8.329 CD3-1 0.110

1.5, S.Stl
Piping. 8-VOG-36-0319 8" straight duct, S.Stl 8 lOS 8.329 34.000 CDIl-1 ARROW

Elbow 900 Elbow, R/D = 8 lOS 8.329 CD3-1 0.110
1.5, S.Stl

Piping. 8-VOG-36-0319 8" straight duct, S.Stl 8 10S 8.329 144.000 CD 1 -1 ARROW

Reducer 8 x 12 Std Reducer, 8 x 12 1OS 8.329/12,39 8.000 ED4-1 0.330
28.50

P20 Sudden Expansion 12 x large 12 x 56 ED4-1 0.880
Total 564.000 inches Al"

47.000 ft

J20 OGTS Stack I atm pressure

Component Details Size Schedule Inside Dia. L ASHRAE ASHRAE Cv
Fitting Loss

No Coef.
(in) (in) (in)

J21 Atmospheric Pressure
Junction

kt

t~Q
A
a,
A
A

C-



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

P21 Inlet Screen 16" Cicular Intake 16 15.624 CD6-1 0.970
with birdscreen,
(60% open) S.Stl

Reducer 16" x 12" 16 x 12 10S 15.624/12.39 14.000 ED4-1 0.120

nle: Piping, '2-VOG-36- 12" straight duct, 12 lOS 12.39 90.000 CD11-1 ARROW
0409 S.StI
Elbow #1 90' Elbow, R/) = 12 lOS 12.39 CD3-1 0.110

1.5, S.Stl
Elbow #2 1 90 Elbow, R/D = 12 loS 12.39 CD3-1 0.110

. ,S. tl
P21 1 Elbowlbow, R/D = 12 loS 12.39 CD3-1

1.5, S.Stl
Total 104.000 inches 1.420

8.667 ft

J22 IEPA Inlet Transition Flanders, Transition 12.0 dia x 11.250 ED4-2 0.780 0.01"
12" x 28" SQ x 28" SQ @
11.25" L, 30' 250

cfm
J22 Heater Element, 36-N84- Watlow/Chromalox 2000

140 0.25" w.c. @ 1000
cfm

J22 HEPA Pre-Filter, 36-NO2- Flanders, 0.12" w.c. 24 x 24 2.000
135 (0.24: dirty) at 1000

cfm
122 HEPA Filter. 36-N02-134 Flanders, 1.0" w.c. 24 x 24 5.875

(2.0" dirty) at 1000
cfm, P-007-W-43-
N2-NIJ-51-23-CC-
FU 5

4.
p::



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

J22 Outlet Transition Flanders, Transition 6.065 dia x 11.250 SD4-2 0.110 0.002"
6" x 28" SQ x 11.25" 28" SQ @
L, 450 250

cfm
Total Pressure drop at 1.382
1000 cfm

P22 Piping, 6-VOG-36-0408 6" straight duct, S.Stl, 6 40S 6.357 6.000 CD 1-1 ARROW
w 6 x 6 x 1 red tee,
flow thru

J23 Valve, 36-V-178 6" Keystone, 6 2.250 1194
Variable Cv

P23 Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 41.000 CD11-1 ARROW
Elbow 90* Elbow, R/D 6 40S 6.357 CD3-1 0.110

1.5, S.Stl
Expansion Joint, EJ-614 6" Expansion Joint 6 40S 5.9 11.000 CR6-3 0.240
Tee 6 x 6 x 1 tee, flow 6 40S 6.357 12.000 ED5-3 0.260

thru
P23 Piping, 6-VOG-36-0408 6" straight duct, S.Stl 6 40S 6.357 204.000 CDl 1-1 ARROW

Total 268.000 inches 0.610
22.333 ft

J13 Wye #1 45* Lateral Branch 6 x 8 40S 6.357/8.329" 10.000 ED5-2 0.610
Flow

Fan Curve, NYB Model Test Density: 0.0553 Mechanical
No. 1508 lbrn/cu ft 2 1 1

(A

0'

00

k)

A

C-



OGTS Bypass System Fluid Flow Model Input Data, Piping/Component Descriptions and Flow Loss Coefficients.

OGTS Bypass System Fluid Flow Model

Q Ft/ Min dP, IN H20 Std Efficiency,
%

0 12 67.36
500 13.75 67.36
1000 13 67.36
1500 11.25 67.36
2000 8 67.36
2500 4.25 67.36
3000 0 67.36

Backdraft Damper Ref, SNUPPS 90144
Pressure Drop

24 x 24 prototype For 8" Pipe Area sch 10 Dia.
Vs, fpm dP, inches w.c. Q, CFM sq. ft ft.
700 0.13 264.9 0.378 0.694
800 0.135 302.7
900 0.14 340.5
1000 0.145 378.4
1500 0.18 567.6
2000 0.23 756.7
2500 0.27 945.9

3000 0.32 1135.1
3500 0.36 1324.3

Y,

p.3

1/b

C'



RPP-24544 REV Id

Calculation No. 145579-D-CA-056, Rev. I
Attachment 5
Page 6 of 14

1: ASHRAE DUCT FilHUNG DATABASE
Fax: Version 2.5.0 Friday, February 10. 2006

ICRS-3) Orifice. Thick-Edged
(Idelchik ING, Diagram 4-15)

INPUTS OUTPUTS

He 4r Ho, in) 5.3 eW:ccity Vo, fomr 2D85
WidthIVo, in 5.3 WI Prss ato (Pv. in. wpl 3.26
He*, (Hi. in., 4.1? Loss CceftKient (Cc-
Width (WV, in 4: Pressure Loss Fn wgi_ 0.07
Length L. :nj 24.0
Flow Rate (Q.dm 4C _

w x H
Ao

Q
A,

Wx H,

L/Dh > 0.015

Dh = 2A 1/(H, + W1)

NE_ D O frgg opE

'S oH/c

A'5-620

-; _ r) )1-'a S- CX'r-

0 if



RPP-24544 REV Id

&y&6K 4$4~
Calculation No. 145579-D-CA-056, Rev. 1

4ttachment 5
(3 of 1

TP: -ASHRAE DUCT FITTING DATABASE
Fax: Version .9 Friday. Februar 10, 2006

(CD3-I) Elbow, Die Stamped, 30 Degree, rD = 1-5
(UMC 1985, Report SRF7I5; Ielchik 198G, Diagram 64)

INPUITS OUlTPUITS

Diameter (-, in.) 6.4 Ve:oe=y (Vo, fom) 1842
Row Rate M, cfi) 4C . Ve Pre 5 at VofiViz Wwpj.2l

Loss CceFIc 4 (L13
Pressure LosOwrtii) . Ot

I Q
Do0

A
0-

90

r 
r%

A5-621



RPP-24544 REV I d

H4 AS4pBot

Calculation No. 145579-D-CA-056, Rev. 1
Attachment 5
Page 4 of 14

ASHRAE DUCT FITTING DATABASE
Far Version 2.5.0 Friday. February 10, 2006

1C03-3) Elbow, Die Stamped, 45 -14
(UMC 1985, Report SRF1A5;Ideichk

INPUTS T

Diameter (D, in-) 5. - Ve'0c / 265
FilowRte(Qefrn) 4CO VdPrnstW1Pvt&p4 - fA3

Loss Cce4tIct } I.
Pressure Loss fn. wg, aD4

I Q
D A

45*

r-

A5-622



RPP-24544 REV Id

Calculation No. 145579-D-CA-056, Rev. I
Attachment 5
Page 8 of 14

Tel: ASHRAE DUCT FlITING DATABASE
Fax: Version 2.5.0 Friday, February 10, 2006

(ED4-1) Transition, Round to Round, ExhaustUReturn Systems
(Idetchik 1986, Diagrams 5-2 & 5-22)

INPUTA a OUTMl
w OAO rA E

Diameter (Do, in.) Velocity (V. fpm) 1842

Diameter (DI, in.) 44 Velocity (VI, fpm) 3810

Angle (Theta, deg.) 22 Vel Pres at Vo (Pvo, in. wg) 0.21

Flow Rate (Q, crn) 406 Vel Pres at V1 (PvI, in. wg) 0.88
Loss Coefficient (Co) 0.22

Loss Coefficient (Ci) 0.05
Pressure Loss (in. wg) 0.04-

a TO FAN

A6/A, < or > 1

A5-623

. Do



RPP-24544 REV Id

Calculation No. 145579-D-CA-056, Rev. I
Attachment 4

Page 4 of 8

I-* I , I3 I p I II I r

ANSI Maximum Task Ptesflf and
016.104-1978 Leakage Medium Temperature

Class VI Nominal Po Bublaes p.s , nt pe Alt or Natoge Service AP or 50 Mpsi 4 bor Mfletntiall.
D amcler (Ir.) M nutc3 Minute whichever is kret to 125'F [10' to f2
2 3 0.45
22 4 0.60
3 6 0.90
4 11 1.70
6 27 1.00

8 45 6.76
tt$ss V 1 r/ip por ida, $AIS S'v,,.7 > 01!#00'15C

(5 , 1 - -1.ec 1iU '11min p'k,

CsM IV 0.01% vove cravlly at tu ral A or War ServeAP or 50 psg [14 fat dflen&4.
KItetu Is Ion. at 50 to 12FF 10" to 52C

I, K.10 tolrear, abstmor anadl r-safe cOols prlvids ANSI Class VI SoMl
2.'- CK metal seats pri deANSI Chast IV #Ao

3,Uingthe ANS4r'GI ,pc3led ealraed meatsfinq *ece,

lefterce ANS7I I-? (or isrIel*itrinaimun.

Sire (in.
2

3
"4

12

6

S5

IQ
32 24
'4?

10 33

33

1.0$4.

Angle of Opening
0" 26* 30' 40" 50 60'

6 t0 to 34 51 78
6 to I9 34 53 flo

B 12 24 43 67 100
6 P3 44 20 130 194

IC 44 83 149 242z
50 ? 130 230 ,3. 650

w3 117 261 431 835 1062z

4 ?2 454 754 'i82
A8 M4 eve 1,061 M&62 2,706

7 360 747 11$ <1,009, 4 t
1 432 0o I422 Z$* 3.14

73 542 1.121 1 : j2,90 4

13 I8 1.2 231t 4,010 6,147
0 961 2.076 3XT3 806 31

15 1 50 3.240 "'o %0w 19 'P
60 2.300 4,640' GS 13.700 21,000

IM

139

04
760

1406

3.838

S 25$
C 722

21.40

3J.400

12
7.

to,

29

44,

$48> 4
ItS 220

173 706

?$S' 8,300'
500 5040

84 g?460

4*5'. 21,;60
A00 3k00
0of 56;00

The combination (l inlorlerenco (it seats
and bi-diroolionol packing makes the
K-LOK epecialy wll soiled Ir yacuLirn
seMce.

SitodaI K-LOK higl pedrrio9o
valves are rated to an absolute oressuro
of 4 x 10 5 inch Y.. Highe, vacuum

fipplltcaions arcvalnble.

Actuator Type Figure Remark

flande F401 Levr lock
time? '420,and Fi0D-SereS

Pnejm8 FMI.U

coal S Pnnumnato F451 F79U

VWih tvended Powl adapte
D0dutchable goat tprevidus mannI

oveide for he Mystoesla lk ncMlo
Elt F777

- ~ - -g

\%'4

/

CIL 304
So"

215

'413
75

1,140$

2300

v ow0

51300

4Q20

35 500

70 so* or



RPP-24544 REV Id

(6t S Bypiss System Ftmd Flow Motel

UCV Bu. pitmm IEPA lIter, 3 5-N02-010, Syrem No. 9 406 act.m at -2.24" w g. and 77 T. Id scWrfm or Syd lt/St (I BR)

Dyads Scltdsle Iidc Di.

1" I I

L ASIHRAEityimgNo ASIIRAELoss Cof-

JI Atmosplwekitttctio

pt Inle HousIng and screen IS' square intake wsvm bordscreco, (60% op-o) S.Si 6 16 17.49064543 72773 CR6.t /ERI3-1 097 I S
6,1st Piping,6-AA-35-0218 6" raiglhduet,S .811 6 403 6.065 =5'12-4 CDtI I- ARROW

Pi N2-0[0 Inlet Trnlsii. Flanders. Sudden Expansion, 6 di. n 24 SQ ISO' 6 40S 6065/24.0 SQ ED4 -2 0.81
Total -SUM(G6:G&) itnches -+JM(6:18)

,+9/12 ft

12 IIEPA Ftey, 36-N02-t0 tP Fladers, 0.12" we. (0.2 Dirty) at 500 fmn

Fladers, L" w. (2.0" Dirty) at 500 cFn, P-07- W-43-N2-NtI5 1-23-GG-
S FIEPA Filter. 16-N02410 D5 24 x 24 I6

Total Pressure drop ii 500 cfm 1 12

P2 Outlet Trosiioy Fladers, Sudden Conractio, 24 6 12 0 SQ/Y6.rX Rod 1 I-I .5
Piping, 6-AA.35-0218 6' sraighi duc.S .3S 6 40S .065 =312tS CDil-I ARROW

- Elbowfo. I 90'Ebow,RD- I.5, SSil 6 40. 4.065 CD3-1 0.13
Piping, 6-AA-35-0218 6" sraigh, duc, S.Sl 6 40S 6065 S12+2 (DItI ARROW

P2 Elbow No 2 - 45 Elbow, R/D - 1.5, S Sil 6 40S 6.065 C03-3 0,08
Toral= SUM(G 18:G2 t) .. ches -+SUM(ti 121)

+G22/12 4_

Com.p... utrt Deails Siz Schedule litydeOn L ASHRA, lI ming No ASI RAE loss CE Cv

(mu) (in) (in) ____________________________________ _________________

23 Reducer 6'x 4 6x4 40S 6865/4,6" 55 4 22

P3 Piping, 4 AA-35-021 4' sraigli duct. SSti 4 os 4.026 I3-12+7 Cmir-I ARROW
P3 Flowietcr 3 e. Si. I Amiar Ilowmycer 4 Vendor 0. 545f3

Itol - SIIM(G2&:G29) inces 3SUM(t212)
G3W/12R

J4 1<)4*. _" 4 _6 40S ED H)4-1_
P14 Ffh-wN . R/ - 1L5, S.1i 4(1 oxx6s CON # 00

Pipin,6-AA 3"-219 6'rtaohr . ,S.Sfl 6 4tS 6.05 12 CDII I ARROW
llbow N. 1 64;, e 91#' ., RI) = 1,5 S Sil 6 4;So6.65 CD30 1 .03

P,,pt,.6-AA-15 O8 ds.b , S.Stl 6 40S 6.M5 12 CDIII ARROW|
Nh" No 9T* k , RID .5. SSti o 40S 6.065 CD13 008

P4 Piping. 6- AA-3 50218 6'sirDIhIIdataS Sr 6 40S M5 -CDl-I ARROW 7

total SOM(G34:G39) rocies -+SM(114:139)

+G40/12 ft

6"5 a4" ,,S4 £'#UC 49 6x4 40 6.065/4.026" 5.5 i1D4- I ^tkmA
PS 44xpansio2JoiE4 22 CRl-SA 4'2
J6 (1(CV flx Cp)

B KCV Bo, Plcmt. Slam No 9 at. 13 .. 280 afm at -2.46" w.g and 875 F, 108 sfrm or 513 IM (0.143 I1ue)
j iCV Bo, plrtm Cls (ittlcdslokl Inlet and Outlet losses Cri5

C (V Outlet It Eypass lw I,,i Slreiti No I3 280 acin at -2.46" w. aid 875 1. 108 Afm or 513 I'h/S

Cottpote Details Sc t Iuedl, lnside Dia I ASHRAI titing No ASIIRAE4 Loss oct Cv

_________________________________________________(in) (it) (in)
(IV Bo, (P)

P6 Pping,6-V( 6" Duel w 90' Elbow. yl eal.to AW I 6 40S 6.065 I CDIII ARROW
P6 ow 90' Elbow R/D- Is 5 40S 5.295 CD3. 15

? 65 403 6.0 5--2' 1(1.25 104-I .I 4 d4
U7 Exprisifi Jrai, EJ 502

a - " Pipug. 5-VO(G 35-1217

lpig. 5.V(3( 135-02? 
Ilbow

I aeraI Wy (thi Bypa How)

DME 5" sszC
5" Dry

4S' IL.io, R/D = S
5D[it

4S' Eltow, R/D-- 1.5

45' laeraII) ua Itow, Mait Flu" Closed

:5

40i

4CS
403

40$

40S

49
5 29 S

5295
5295

24
24

7*12,9.5

CR( -3

-Tsr -

(D33.I
(11 -1 I

: ( ?862) ]Iych ( 1) 1

10

ARROW

-09

ARROW

0 09
-+(1i')-

-r A5-625

a'
3,

-7

a

"a

28

*

5 - -

E -
P7 .

5 x 5 , 5
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C

I

CA

Zr

-3

3

tO
'C

2.

a
S.

I -4

-C

I'

0'

C

-en
3.
C

0

a

0

a
5.

-o no

'1 ~

1<

'~l

j
C

to

S

'C
ten
U-

0*

C
C
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HEPA Fillet, 36-N02-I 3 I Ilanders 24 Wx 24 H x 19375 L. 10" w.c (20" Dirty) .1750 afm 20

j16 11s Ow", I1ousIng Flanders 24 W x 24 H x 20 L, D.5' we at 7sOcril 20

316 Outlet Traisioun FlandesO 8 OD I W x 18 H x 12 L, 45" 8 329 12 S4- 2 C0o 04' '750 cfo

Total Pessrc drop a! 750cfm -0.20 -1-0 5

F OG1S Bypas IEPA Fibcr Skid OulkI ODng Wid Fan to Stack

Conpnet Details Size Sebeditle bstdcDma. L ASHRAE Fiting No ASHRALoss Coef. Cv

()(m) (mu)

P17 SI. Piping, 8-VOG-36-0319 8"%fraighi duct, .Sd..w8x 8 xrd Wtee, flow lbn 8 ()S R29 12 CDiI ARROW

P17 Lpansion joint.,E-6 86Expansion joint 8 I0S 7625 CR6-3 O11

Total -SIJM(G 140:G14l) iches -+SIJM(140L141) __ _

IG14N2/1

J17 Fan, 36-N31-130 75O ACFM Fan, NYR 508, See Data Below

Pil Elbow 90- Elbow, R/D =15..Sil 8 log 329 CD3- I _"IL

S Piping. 8-V(Xi36-0319 S- taighi duet, S.Sd 8 OS 8.329 6 CDII.I ARROW
P18 Piping. -VOG-36-0319 rsiraightduet,. Sti _ Jos 8.329 36 C11-I ARROW

Total -+SUM(i 146:1t48) inches =.5UM I146: 148)

+G 149/12
Jig BackdratDamper SNUPPS Da. Sec Blow

P19 Piping 8-VOG-36-0319 8Rsaigh, duct, S.Si 8 loS 8329 12 CD I -I ARROW

Ji9 slation Valve, 36-V-166 8" Keysour, FIG. 362-173, Key-lok 8 7.625 2.5 2440

P20 8pn 8-VGG-3-0319 straighi duct, SSt1 K loS 8.329 CDIl- ARROW
Expason Joint,EJ-617 8 Expansiont 8 iGS 7625 11 CR6-1 0._
Laueral Wy,, Forward Decio 45o Lawn! Branch H>ow 8 IOS 8329 24 ED5-i 0.61
Pspmg a-V(G-36-03 t S"stight duct, S.Sil 8 1os 8329 -9t12 CD[1-1 ARROW

P a-VOsf3319 I"setaighl duct S.St1 8 16S 8329 20*12+6 CDI II ARROW
Elbow 90 Elbow, RD 1.5, S.Sil t - 0 8,329 CD3-1 9.I
Nsais d-VOG--03t9 R'sraigh duiel, SStil 8 IOS 8329 2--12+10 CDIl-1 ARROW

- Elbow 90" Elbow. R/D 1.5, S.Sd S lS 8.329 CD3-1 011
Pipng, 8-VOG-36-0319 R"sraigbl due, S.Si 8 lOS 8.329 -12-12 CDI I- AROW

Reducer 8 x 12 Sid Reducer., 28.5" 8 12 I S 8 329(12.39 8 f1D4- 0313
P20 Sudden Expansr o 12 x large 11, so ED4- 098

Tolal -SIIM(G 156:0165) inches - SUM(156:1165)
- G(166/12 a

120 0GTS Swck I au pressure

Componot Details Soc Sciicdslr Inide Dia L ASHRAE FIitng No ASI-IRAF 1,s, ocF Cv

(i) (in) (in)
J21 Aiospheric Pressurc JuIttion

F21 Inel Scre.i I" Cicular Inake witbirdscreen, (60% pen) Sl 16 15624 CD6-1 .97

Reducer 16" 6x12 S l5.624/12.39 14 ED4- 0.12
" WeiPipg. 12-VG-36-049 12" saight duet, SSit 12 10S 1139 90 CDI- I ARROW
Elbow #1 9D" Elbw. R/D 1 5, S.St 12 05 1239 Cr33-I I E

S ilbow 2 90 Elbow. R/D = 1 <,S.SSo 12 OS 139 CD3-1 01
P21 Elbowk4 90' Elbow. R/D I-s=.5S 12 08 1239 CD13-1 011

Tota SI INM(G I74:G174) inches SIIM(1741179)
+G80/12 0

322 IEPA [s.1, Transliot Flanders. Tnausiivnl 12'x 28' SQ x 11.25"' . 30' 12.0 di.i 28" SQ 1 25 FD4-2 0 730 .01' @250 d

122 lear Elemesi. 36-N84-140 WalIow/Cluom.alo 0.25wnc. @ol00cl 2

J22 I EPA Pre-Filter, 36-N402- 135 [ .anders, 0. 2" w.c. (0.24- dirt) at 1000 cfn 24 24 2

Fanders, 1 0 w.. (2.0- dtry) at 1000 cfin, P-007 W 43-N2. NI-1-23-CC.
122 HEPA Filter, 36-N02- 34 U 24 x 24 5 875

J22 Oltemit.ion Flanders. Transiion C" 28" SQs I 125" ., 45" 6.065 di 2MSQ 1t 25 SD4 -2 o.l 02 @250 c"

I 'ressqre drop am I000 cim 1. I 2

Piping, b V(K-36-0408

Valve 16 V 178

Pipitig, 6 VOG-36 0408

6 slraspliducnt, S ti.w 6x6,I r>Adiec. (wrsv it

6" K-sMi.c, V"ritsle C,

6" sraiFlidu ci, S.Sil

6.065

2.25

6 40 6065 - '125 f CD I I

ARROW

ARROW

P22

323

P23
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lbow 90* Elbow.D l - .5, S.] 40 6.065 C13-I 0 I
Expasion Jo

6. J614 6- EXpsniI Joint 0 40S 59 11 CR6-3 014
Tee 6 xxI lcc,O',wtimj 6 It40S 12065 Mi 4 026

P23 Ppipn, 6-VOG36-AN 6- sraight du. S.StI 6 40m 6065 -1712 C1l -I ARROW

Tol -+SUMf 94:G198) niceS = ISUM!194:1098)
-- 4Gi99/12

J13 Wyc Hi 45 lateralcanch Flow 6 8 40S 6.06I58.329- 10 D05-2 06 1

Fan Curv, NY M&I No. 1508 Test Daity: 0.0553 lbadc" t Mechftca_

Q M ?. IN H20 Sd Elficiency. %

0 12 6736

500 3.75 67.36

5004B207 13 6736

54001 208 11.25 6736
=5001 3209 8 67 36

-500+32.M0 4.25 67.36

- 00+8211 0 6736

BacLdraft Damper hesitte [hop Ref SNUPPS 90144

24 x 24 olotype For 8' Pipe sch 10 Dia.
Vs fpm dP, nucheswc. Q,C(P sq. 0 ft

7m 0.13 -+B217*E217 -PI)'F2172/4 =.329112

800 0.135 -+B218'E$217
900 0.14 -+6219*E3217

1000 0,145 -+F220'ES217

500 0.18 =4B221-ES217
2000 0.23 =+B222.ES217

2500 0.27 '+B223*ES217

3000 033 -- +.224ES2t7

3500 0.36 =+12252I7
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OGTS Bypass External Convection and Thermal Radiation Coefficients

M 4aa Free Convection Correlations for air at I atm. (Holman 1990, Table 7-2)

TwN I = 875 *F Temperature End 1
Tw2 250 *F Temperature End 2

Ts - 562.5 OF Average Wall Temperature

To = 115 *F Ambient Temperature

I = 447.5 F Temperature difference

h = 1.45 Btuhr-ft^2-*F Vertical Plane or Cylinder h =0.19 * dTA/3

h = 1.38 Btu/hr-ft^2-*F Horizontal Cylinder h = 0.18 * dT^1/3

h = 1.68 Btwhr-ft^2- F Horizontal Plate - heated face up h = 0.22 * dT^I/3

Forced convection. flow across a cylinder (Holman 1990, eqn. 6-21):

=3 0.62Reg 2 Pr Re9  0trsr>l2
3. - Re_)-r >_0.

[i+(0.4iPr)2 '3 ] I K282,000

Nufd = 0.3+A*B/C Forced Convection. Nusselt No.

A = 0.62ReYPr 3  B= [1+(Red/282,000)^5/8]A4/5 _ = [_ __A/Pr 2 ____

D= 8.6 Inch Dia of Pipe _011844- meters

u = 0.1 Mph Free Stream Air Vel. 0.0447 mn/s

Ts = 56225 *F Pipe Wall Temperature 294.72 *C

To- 115 0F Ambient Temperature 46.11 *C

Tf= 338.75 1F Air Film Temperature I70.42 *C

v f 0.00019 sq ft'sec Viscosity of Air 8LE-05_ sq. m/s

Red= 5.45844E+02 Dimensionless Reynolds No.

Pr 0.7778 Dimensionless Prandtl No.

kf= 0.0146 Btu/hr-ft-0 F Thermal Conductivity 0.0253 W/m-OC

ZN
K)

4.
4.
4.



OGTS Bypass External Convection and Thermal Radiation Coefficients

MCAdaO? Free Convection Correlations for air at 1 atm. (Holman 1990, Table 7-2)

Red* 42457 The dimensionless numbers are:

Nusselt. AY- or -- ;

9 ___p_-_c,_______ I T<'

Rayene:h. Ro-;- or Rae - -
V Kr v- k.

Reyno-ds, Re, 'IL or Re. vo

Pr P

A = 13.322 B =1.016 C = 1.132

Stefan B = 1.714E-09 Btu/hr-ft^2-R^4

emriss = 0.65
Nufd = 12.26 Dimensionless Forced Convection, Nusselt No.
Nund = 67.50 Dimensionless Natural Convection, Nusselt No.

Nut 0.3 + [(Nufd- c)A - (Nund - c)^j]A(l/j) Combined Forced and Natural Convection, Nusselt No.

c = 0.3 for Horizontal cylinder

=4 for Horizontal cylinder

Nut= 67.52 Dimensionless

he = 1.38 Btu/hr-sq.ft-4F Combined Convection hc = 7.81977 Watt/sq m-*C

;0-vu

Z:



OGTS Bypass External Convection and Thermal Radiation Coefficients

McAdams Free Convection Correlations for air at 1 atm. (Holman 1990, Table 7-2)

Radiation component:

Stefa B =t-ft^2-R4 IT,-T.
emiss = 0.65

hr = 2.45 Btu/hr-sq.ft-0 F Th Radiation Coefficient

ht = ho + hr Total HT Coefficient

ht = 3.83 Btu/hr-sq.ft-0 F Total HT Coefficient

Q = 1712:29 Btu/hr-sq.ft Specific Heat Loss

A = 2.25 sq. ft for cylinder 1 ft long
Q = I 3855.18 Btu'hr for cylinder 1 ft long

Q = 1129.84 Watts for cylinder 1 ft long
Q[= 1.13 KW for cylinder I t long

Kb

-t-o
N)
Aa,
A
A

C-
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Subcontractor Calculation Review Checklist
DBVS OGTS Calculations

Page 1 of I

Subject: Off-Gas Treatment System By-Pass Thermal Hydraulic Analysis

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145570-D-CA-056, Rev 1, By-Pass Thermal Hydraulic Analysis

Analysis Performed By: AMEC

" Design Input
* Basic Assumptions
* Approach/Design Methodology
* Consistency with item or document supported by the calculation
" Conclusion/Results Interpretation
* Impact on existing requirements

Checker (printed name, signature, and date)

Lois Payn Q -iO

Organizational Manager (printed name, signature and ate)

David H Shufrd1,246 f/ 1 2t t 20

A5-634
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amecO
CALCULATION SHEET

CALC. NO.: 145579-V-CA-004 REV: j DATE: March 7,2005

CALC. TITLE: Off-Gas Chiller

PROJECT NO.: 145579 PROJECT TIrLE: Final DBVS Design

Design Verification Required: 0 Yes E No

Calculation Type: E] SCoping 0 Preliminary Final

Superseded by Calculation No.: E Voided

ORIGINAL AND REVISED CALCULATIONSIANALYSIS APPROVAL
REV. ORIGINATOR: DATE: CHECKED: DATE: APPROVED: DATE:

A A. Prliincevic 16-Nov-04 N/A NIA F. Sweet 16-Nov-04

B A. PrIjincevic 03-Dec-04 N/A N/A F. Sweet 15-Dec-04

C A. Prijincovic 20-Dec-04 S. Hamlyn 20-Dec-04 F. Sweet 20-Dec-04

0 A. Pdjilncevic 21-Feb-05 D.Wilimson 21-Feb-05 F.Sweeq 21-Feb-05

1 .1414.4. Al -;77 01a>5 Ojhnt ____

AFFECTED DOCUMENTS
REV. DISC.LEAD

DOCUMENT NUMBER: TITLE: NO.: INITIALS

145579-V-DS-011.1 Off Gas Chiller Skid Pump Data Sheet 0 7V
145579-V-DS-012 Off Gas Chiller Data Sheet 2 z,

RECORD OF REVISION
REV. REASON FOR REVISION:

B Supporting PFD added
C Full Process Cooling Calculation and PFD added

0 Hand calculations done In MathCAD
1 Changes per RCR.

ATTACHMENTS
TOTAL

DOCUMENT NUMBERAD: TITLE: PAGES

Attachment I MathCAD Off-Gas Calculations 6
Attachment 2 Drawing: F-145579-00-A-0031 (Rev. D) FuN Trailer Off-Gas Treatment 1

(Tri-Mar Operating) Process Flow Diagram
Attachment 3 Drawing: F-145579OO-A-0022 (Rev. OE) Full DBVS TraDer Off-Gas I

Treatment Process Flow Diagram
Attachment 4 Calculation 145579-V-CA-002, Ductwork Pressures", Rev C, Attachment 2

2, Sheet I and 2
Attachment S Chilled Water/Glycol Schematic I

Attachment 6 2001 ASHRAE Handbook - Fundamentals Pg 29.18-19 2

Attachment 7 1989 ASHRAE Handbook - Fundamentals Pa 33.2 & 4 2

Attachment 8 Data sheet 145579-V-DS-12.1, Appendix A, Pg 11-15 of 116, York 5
International Selection Data Form 150.62-EG1'Air-Cooled Scroll Chilers
Wtye C YCALOOI4 - YCALOI34' -

Attachment 9 AlI, Heat Exchanger Catalogue, CS-STC Series, Pq 41-50 10

pR1.uigvwOC'-0C4 4-On OnRa.AI17cA-4oJ( CJmd) Rn t4 Page 1 of 3
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CALCULATION SHEET

CALC. NO.: 145579-V-CA-004 REV: 1 DATE: March 7,2005

CALC. TITLE: Off-Gas Chiller

PROJECT NO.: 145579 PROJECTTITLE: Final DBVS Design

1 INTRODUCTION

1.1 PURPOSE

The purpose of this calculation is to determine the basis for Off-Gas Chiller cooling
capacity and sizing and Off-Gas cooling system.

1.2 SCOPE

The scope of this calculation includes analysis of the cooling requirements of the
heat exchanging equipment located in the existing off-gas trailer, which is the part
of the Off-Gas System shown on Process Flow Diagrams (PDF).

1.3 DESIGN INPUTS

* DWG F-145579-00-A-0031 Rev D, FullDBVS Traitor Off-Gas Treatment (Tri-
Moro' Operating) Process Flow Diagram

" DWG F-145579-00-A-0022 Rev OE, Full DBVS Trailor Off-Gas Treatment (Full
Flow Operation) Process Flow Diagram

* Chilled Water/Glycol Schematic (Attachment 5)

" Calculation 145579-V-CA-002, ODuctwork Pressures."

1.4 CRITERIA-

No external criteria referenced.

2 ASSUMPTIONS

The following assumption Is used In this calculation and within the body of the
calculation and attachments.

1. During the Full DBVS, and when the Tri-Mero Is operating, the Off Gas
temperature changes through wet scrubber, between stream 19 and 29.

Tri-Mer" Is a registered trademark of Tri-Mer Corporation.

PftflrgflWC"lhd$s7S-VCA404 -OR OSXM4Sm7V.AM (Of CI W44 R 1n Page 2 of 3
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CALCULATION SHEET

CALC. NO.: 145579-V-CA-004 REv: 1 DATE: March 7.2005

CALC. TrLE: Off-Gas Chiller
PROJECT NO.: 145579 PROJECTTITLE: Final DBVS Design

2. The cooling required Is the capacity for sufficient heat removal In order to cool
the air from stream #19 temperature to stream #29 temperature.

3. Since the vendor data Is not available heat exchanger is assumed to be the
type in attachment 9 with pressure drop of 5 psi.

4. Pipe length is to be 100ft.

5. Static lift (elevation difference) Is to be no greater than lOft.

6. Chiller temperature differential Is 10 0R as suggested, with engineering
judgment (as being most common and efficient), by York International,
Attachment 8.

3 METHOD OF ANALYSIS

Calculations were performed using a handheld calculator and later done again
using MathCAD software.

4 RESULTS AND CONCLUSIONS

* Required cooling capacity is when Full Process Is on: 32.25 tons
* Selected chiller rated capacity: 40.8 tons
* Required pump flow rate: 87.73 GPM
@ Required total dynamic head: 44.7 ft-water.

5 REFERENCES

1. 2001 ASHRAE Handbook -Fundamentals.

2. York international, Form 150.62-E61 'Air-Cooled Scroll Chillers Style C
YCAL0014 - YCALO134, 'Selection Data!.

3. 1989 ASHRAE Handbook - Fundamentals.

4. OCS-STC Fixed Tube Bundle/ Liquid Cooled Heat Exchangersr, American
Industrial Heat Transfer, Inc., Copyright 2004.

70-7 M a o - ' oiv
:I .SV OCf .? Gna 0M h 7WV.CA04N (PN Ga 0*') S. lie Page 3 of 3
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145579-V-CA-004

Attachment I

MathCAD Off-Gas Calculations
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MathCAD Unit Setup:
Due to the lack of incorperated units the following relationships must be
specified to aid in further analysis.

lloJoules: kJ:= 1000joule

Tonn of Heating Capacity-:

inches of Water

Feet of Water

Flow Rate:

Density-.

Specific Heat

Temperature:

Heat Capacity'.

Volume:

Tonn := 12000
hr

in120:- 249Pa

ftH20:= 12inH20

3 3
-D- - 35.31--
Sec Sec

= 0.0624 lb

m3 
3

= 0.239B
kg-K lb-R

K - 1.8R

kJ- A BTU
-= 0.43-

kg lb

gal - 0.134ft
3

lTonn - 3.517kW

Ipsi - 27.69in}120

Acceleration due to Gravity.

1. Cooling Requirement

1.1 TRI-MER OPERATING (Attachment 2)

-Sensible Heat:
(Equation 22. Ch 29, Ref. 1)

Standard Flow Rate:
(Mass Based SCFM, Stream 29,
Tri-Mer Operation, Attachment 4)

Standard Air Density:

g = 32.17 2
sec

qst:- 8-(CA + CV-W)-Q-AT

t3

Q,:- 657 --
min

8 := 1.22
3m

3
Q, . 0.31-

scc

5 - 0.07.L
ft

3

A5-640
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Specific Heat of Dry Air.

Specific Heat of Vapour.

CA:= 1.006
kg-K

Cv:= 1.84-
kg-K

CA = 0.24
lb-R

Cy - 0.44M
lb-R

Humidity Ratio:
(H20 Mass Flow to Air Mass Flow
Ratio from Attatchment 2 Stream 29)

Dry Bulb Temperature Difference:
(Between Stream 19 and Stream 29,
Attachment 2)

Sensible Heat
(Equation 22, Ch 29, Ref. 1)

W:-
2891

AT:- (304 - 85)R

st := 8-(CA + CVyW)-Qg-AT

qst - 47.07kW

-Latent Heat:
(Equation 24, Ch 29, Ref 1)

qgt:= 5-Aq.Qs-AW

Change in Humidy Ratio:
(Difference of H20 Mass Flow in
stream 29 to stream 19 over Air
Mass Flow, Attatchment 2)

Approximate heat content of 50%RN
less heat content of the water at
condensate temperature
(Standard Conditions)

Latent Heat
(Equation 24, Ch 29, Ref 1)

-Total Cooling: Tri-mer Operating

AW:= 53-
2897

Aq:- 2500-
kg

AW = 0.016

Aq - 1074.81 B
lb

qjt:= 8-Aq-0QSAW

qltw14.77kW

qtotbj:- qs + qljt

qk=4.2Tonn

qtottri - 61.84kW

qtottri - 17.58Tonn

1.2 FULL PROCESS (Attachment 3)

- Sensible Heat:
(Equation 22, Ch 29, Ref. 1)

Standard Flow
(Mass Based SCFM, Full Flow,

qsf- a.(CA+ CwW)-Qs.AT

ft3  3
Qs:- 2874-- Qm 1.356--min sec

A5-641
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Project Number. 145579earned'CALCULATION SHEET
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Page 3 of 6

Calculation No. Date: 0-Iid -7,
145579-V-CA-004 Checker
Rev. No. 1 Date: 01 V-A-o
Calculation Title
Off-Gas Chiller Calculation

Stream 29, Attachment 4)

Standard Air Density:

Specific Heat of Dry Air

Specific Heat of Vapour

Humidity Ratio:
(H20 Mass Flow to Air Mass Flow
Ratio from Attatchment 3 Stream 29)

Dry Bulb Temperature Difference:
(Between Stream 19 and Stream 29,
Attachment3)

Sensible Heat:
(Equation 22. Ch 29, Ref. 1)

- Latent Heat:
(Equation 24, Ch 29, Ref 1)

Change in Humidy Ratio:
(Difference of H20 Mass Flow in
stream 29 to stream 19 over Air
Mass Flow, Attatchment 3)

Approximate heat content of 50%RN
less heat content of the water at
condensate temperature
(Standard Conditions)

8 = 1.21c
3

in

CA:= 1.006--
kg-K

Cv: 1.84
kg-K

202
12628

AT:= (134 - 80)R

8 - 0.07 Lb
13

CA - 0.24 BTI
lb-R

CV - 0.44 L-
lb-R

W - 0.02

AT - 30K

qsf := 6-(CA + CVW)Qs-AT

q= 50.56kW

qlf:= 8-Aq-Qs5 AW

Aw:= 202-6.9
12628

Aq- 2500-
kg

qsf = 14.38Tonn

AW - 0.015

q - 1074.81B
lb

Latent Heat
(Equation 24, Ch 29, Ref 1)

qlf:- 8-Aq-Q,.AW

gig=62.87kW

-Total Cooling: Full Process

ql= 17.88Tonn

qtofull " -sf + qj qtoul - 113.43kW

qtotful - 32.25Tonn

Cooling Required:

A5-642
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Project Number: 145579
amecO CALCULATION SHEET
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Calculation No. C acer
145579-V-CA-004 Checke4
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Calculation Title
Off-Gas Chiller Calculation

qtotL = 17.58Tonn

qtotfull - 32.25Tonn

Because qtot 1full >qtoi qrequired :n qotgft

qrequired = 32.25Tonn

2. Equipment Selection

York air cooled scroll chiller will be selected to cool propylene glycol/water 50% by weight solution, with
freezing point of -25 F.

Selection:
Type: YCAL0042EC
Rated Capacity: 40.8 Tonn
Input Power 57 kW

Equipment selection, performance data and correction factors are per

"York Intemationar Form 150.62-E61 'Selection Data'

-Capacity Correction for Proplyene:

Efficiency:

Qrated:- 40.STonn Pinput:- 57kW

Eff := TONN
KW

Q:- Qrated-Eff

Eff :- 0.928

Q = 37.86Tonn

KW:- -PinputEff

KW=45.06kW

-Flow Through Chiller (Cooling Fluid)

GPM formula:
(Ref 2)

GPM F/TON Factor.
(Ref 2)

Temperature Range:
(Assumption 6)

GPM = q j*-GF
AT

GF:= 27I.2 .
min Tonn

AT:= lOR Temperature range Is selected as sugested,
with engineering judgement (as being most
common and efficient), by "York

A5-643
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CALCULATIONSHEET Project Number 145579
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Drgiater: '

Calculation No. Date: cker* IO L C
145579-V-CA-004
Rev. No. 1 Date: 0-1 tr
Calculation Title
Off-Gas Chiller Calculation

GPM: required-GF Internationar'Selection Data'.

AT

GPM = 73gal
GM=87.73-

miq

3. Pump Selection Calculation

Off-Gas Chiller Calculation (145579-V-CA-004) to be Revised

3.1 PROPLYENE GLYCOL PRESSURE DROP CORRECTION FACTOR
50% by weight mixture

Cooler Pressure Drop Correction
Factor for Proplyene Glycol/Water
(Data Sheet 145579-V-DS-12.1,
Appendix A, Page 11 of 116.)

3.2 EQUIPMENT PRESSURE LOSS

3.2.1 Cooler Pressure Drop

Flow Rate:
(From Section 2 of this calculation)

Pressure Drop:
(From Cooler Curves, Pg 14 of 114)

Cooler Pressure Drop (factored):

APf := 1.247

GPM - 87.73-ga
min

AP:= 6.SfIl2O

APeooler :=AP-&Pf APcooler * 011f=H0

3.2.2 Scrubber #1 - Heat Exchanger Pressure Drop

Scrubber Pressure Drop:
(Assumption 3)

Heat Exchanger Pressure Drop:
(Conservative Approachcorrected
for proplyene glycol)

AP:= 5psi

APhex AP-APf

AP 1.54114fH20

APhex - 14.39 ftH20

3.3 PIPING AND VALVES

Head Loss- AHI kV 2

(ASHRAE Fundamentals) 2-g

Table 2 - K factors for welded pipe fittings:
(2001 ASHRAE Fundamentals Handbook)

Pipe Diameter D- 3in

A5-644
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9D deg Elbowr

Globe Valve:

Swing Check Valve:

Pipes & valves are sized as per guidlines in Ch. 35 'Pipe Sizing'of 2001 ASHRAE.

Volume Flow Rate:

Flow Velocity:

GPM = 87.73g
min

4-GPM

Sum of k factors:

Head Loss:

Pipe Losses:
(1989 ASHRAE Fundamentals
Handbook, Pg 33.4, Fig 16.1)

Pipe Length:
(Assumption 4)

Pipe Loss:

Total Pipe & Fitting Losses:

Total Required Static Head:

Heat exchanger may be
elevated up to 10 ft:
(Assumption 5)

Total Required Head:

Fittings & Valves (Attachment 5
10 x 90 degree Elbows
4 x Globe valves
4 x Swinging Check Valves

k := 10-kelb + 4 -kglobe+ 4kswing

v2
All, := k--

2-g

Hppc= 10ft

AHI = 9.71R

(For commercial pipe, Sch 40)

Lpipe:= lOOft

A1 - Hpipe-Lpipe

A1 -2.5R

S(APhex+APcoole'ft
S+ AH 2 +120

AHIOSS" -4. f

lstatic-" loft

AH:- AHIOSS + Hstatic

A1I=44.7ft

AS-645

Project Number: 145579
amec& CALCULATION SHEET

Page 6 of 6
OriginDate* . A , 4 C

Calculation No. De:r
145579-V-CA-004 Checker
Rev. No.1I Date: 6
Calculation Title
Off-Gas Chiller Calculation

klb= .34

kglobe:= 7

kswing:= 2.0

V = 3.98-
sec

k - 39A
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145579-V-CA-004

Attachment 2

F-145579-00-A-0031

Full Trailer Off-Gas Treatment (Tri-Mer Operating)
Process Flow Diagram

A5-646



S
a I 7

I-

-- - -.

£ I s I A
- ma ~

- ~

t~= ~-rzur
- a -s' -

intl -
~~-lu

a~ - ~-j- -

-mu'

- A~

l' fIfT o I-.... el ins. ''l=h~ - l=|=a I

WA IMI

0JMA

f t -III

-- -- --- 2

,- - a-. u .. ma.ins
WMt S a~ NStOt - S 0~

.~.- - -o S ~asa gn.s. we
- - Ofl - -.
as
t. n'a - '- ta *E m~ -t~z

t - - .c.saS Nm
Attachment:
-Catc. o.:
Rev. No.:
Sheet

2 . Originator:
145579-V-CA.-004 : Date:

1
1 of 1

Checked by:
Date:

h7l. W: -

F 45579-00-A-fl3) if
778--J AAII4M -

FULL OVOS

. R--u " OR-ATIN)
-- FLOW DIARM"

I. I -J-J

3 2

-

Ll

£

0

t-.
-J

C

S
1

0

C!

A

a I 7

A

I I I
I

.M-Led

ailliftnfill I Jl I IM PM

I



RPP-24544 REV Id

145579-V-CA-004

Attachment 3

F-145579-00-A-0022

Full DBVS Trailer Off-Gas Treatment
Process Flow Diagram
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145579-V-CA-004

Attachment 4

Calculation 145579-V-CA-002
Full DBVS Ductwork Pressures

Attachment 2, Sheet 1 &2
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145579-V-CA-004

Attachment 5

Chilled Water/Glycol Schematic
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CHILLED WATER/GLYCOL SCHEMATIC
r------------------ -----------
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145579-V-CA-004

Attachment 6

2001 ASHRAE Fundamentals Handbook
Pg 29.18-19
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29.18

HEAT GAIN THROUGU INTERIOR SURFACES
I a &pace with a dif.

Attachment . 6 separating physical

Cabc. No.: 145579-V-CA-004 te hs given by

Rev. No.:
Sheet

Originator
Date:
Checked by
M -

1
I of 2

adjacent and

^I tf- A t Z
a I. 25. Temperature t

- akitchensor boiler
above the outdoor

g spaces should be
wn except that the

contains no beat
ratgain.l4- y i
,tdoor air and con-

* ....,,.. .Jnus 3 K. In some
cases, the air temperature In the adjacent space will correspond to
the otdoor air temperature or higher.

-- Floors
*for floors directly In contact with the ground or over an under-

ground basement that is neither ventilated no conditioned, heat
transfer may be neglected for cooling load estimates.

INFILTRATION AND VENTILATION HEAT GAIN

Ventilation
Outdoor air must be introduced to ventilati conditioned spaces.

Chapter 26 suggests minimum outdoor air requiremeits for repro-
-esntative applications, but the minimum levels are not necessarily
adequate for all psychological attitudes and physiological re-
sponses. Where maximum economy in space and load Is essential.
as in submarines orother restricted spaces, as little as 0.5 Us of out-
door air per person can be sufficient, provided that recirculated air
Is adequately decontaminated (Consolazio and Pecora 194).

Local codes and ordinances frequently specify ventilation
requirements for public places and for Industrial installaions. For
example, minimum requirements for safe practice in hosptal oper-

S ang rooms are given in NFPA Standaid 99. Although 100% out-
door air is sometimes used In operating sooms, this standard does
not *ecuI it, and limiting the outdoor air to 6 to8 changes per hour
is finding Increasing acceptance.

ASHLAE ieard 62 tecommeads minimum ventilation rates
for most common applications. For gemeri applications, such as
offices, 101/sperpersonulsuggested. -

Ventilation air Is ortmally introduced at the air-conditioning
apparatus rather than directly into te conditioned spam and thus;
becomes a cooling coil load componastinctead ofaspaceloadcom-
porsta Calclatins forestminng; this beatgain ae disassed later
inthe section sn Heat Gain Caladaons Using Standard AkrValues.

R cing heat gain from cutdoor air by using filered recIrcu-
lazed air In combinaion with outdoor air-shodl be considered.
Recircolated air can alo be treated to costtlA odor (see Capter 13
of this wohme and Chpter 44 of the 1999 ASHRAE Haodbook-
Appaatnm).

Infiltration

The principles of estimating Infilnation in buildings, with
emphasis on the heating season, am discussed in Chapter 26. For

2001 ASHRAE Fundamnentals Handbook (SI)

the cooling san, infiltration calculations am usually limited 1,
doors and windows. Air leakage through dobrs can be estimated
using the Information in Chapter 26. Table 3 in Ciapter 26
adjusted for the average wind velocity in the locality. may be used
to compute hiltration for windows. In calculating window liI.
tration for an entire stucmm, the Sozal window area on ill sides of
the building is not Involved since wind does not act on all sides
sanmltaneusly. In any case, infiltration from a! windows in any
two adjacent wall eaposmes should be included. A knowledge of
the prevailing wind direction and velocity is helpf&i In selecting

When economically feasible, sufficient outdoor air should be
introduced as ventilation airthrough the aircondidoning equipment
to maintain a constant outward escape of air and thus Aiminate the
inffltration portion of the gain. The presue maintained must bver.
come wind pressure through cracks and door openings. When the
quantity of outside air introduced trough the cooling equipment is
not sufficient to maintain the required pressure to eliminate ini[n.

tion, the entir Infiltration load should be included in the space heat
gin calculations.

Standard AlrVolumes

Because ie specific volume of air vades appreciably, calcula.
tions are more accurate when made on the basis of air mass instead
of volume. However, volume values ae often required for selection
of coils, fans, ducts, etc.. in which cases volume values based on
m eimejt at standard conditions may be used for sccunte
results. One standard value Is 12 kg (dry air)tm' (0.833 mcg).
This dczsity cortesponds to about 16C at saturation and 21'C dry
air (at 101.325 kPa). Because air usually passes through the coils.
fans, ducts, etc., at a density dose to standard, the accuracy desird
normally requires no correction. When airflow is to be measured at
a particular condition or point, such as at a coil entrance or exldcte
corresponding specific volume can be read from the psychrometuic
chat.

Esample-. Standard air crkulation. Assume outdoor air at snndxd
condition Is flowing at 10 m3 . What Is the flow rae when at S -
door airis at 35*Cdry-buth and 24C wet-bulb (0.193 miAg)7
Solution: ihe measured rate at that condidon should be 10
(0.893M.V33)-10.7m 3M.

Heat Gain Calculations Using Standard Air Values
Alr-conditionlng desiga often requires calculation of the

following.

1. TotsW heat
, Total heat gain q, corresponding to the change pf a given e'W-
dard flow rate Q, through an enthalpy differenceAh is

where air density -1.2 kg/m.
2. Sensible heat

Sensible heat gan 4, correspooding to tbe change 6f dry-b
texperature & for given airflow (standard conditions) , is.

q,=1.2(l.006+1.g4W)Q

where
1.006 - specfic be o(ry akrkift -K)

W- bomidity rne 4i (watflAg (air>-
I. 4specificheatwaterviporklkt-K) .

The specific heats are fores range fron about-7i 9 C .
We0,thenlueof1.20(1.006+ . a4W)- 121;wlrnW..0,
value is 1.23; when W-0.02. L vs Is1.25; and when WS

A5-656
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Nonresldlqntial Cooling and Heating Load Calcul.ation Procedures -

the value is 127. Because a value of W -0.01 approximates cocdi-
tionrfound in many ak-conditioning problems,.the sensible beat
change (in T) can normally be found as

q,=I23QAJ . (23)

3. Latent beat

Latent heal gain q, corresponding to the change of humidity ratio
AW forgiven airflow (standard conditions) Qis

qn 1.20x2500QAWa30l0QAW . (24)

where25Oistheapproximate heatcontentof50%hvaporat246C
less the heat content of water at 10?C 50% ab at 24Cis a common
design condition for the space, "nd 10'C is iormil condensate tem-
peratuqr from cooling and dehumidifying coils.
* The contants 1.20, 1.23 and3010 are useful in air-condidoning

calculations at sea level (101.325 kPa) and for normal temperatures
and rnolsturv rados. For other conditions. more prxcise values
should be used. For an altitide of 1500m(4.556kPa),appropritii
viecs are 1.00;1.03, and 2500.

LATENT HEAT GAIN FROM MOISTURE
THROUGH PERMEABLE BUILDING MATERIALS

Thodiffusionof moisture through allcommonbuildingmaterials
is a sazural phenomenon that Is always present. Chapters 23 and 24
cover the principles and specific methods used to control moisture.
Moisture ransfer through walls is often neglected in the usual com-
fort air-conditionIng application because the actual rate is quite,
imall and the corresponding talent heat gain is InsignIficant. The
*roeability and permeance values for various building materials;
are given in Table 9. Chapter 25. Vapor retarders are frequently
Ibhtalled to keep moisture transfer to a minimum.

Certain industrial applications call for a tow moisture content to
beinaintained In a conditioned space. In such cases, the latent heat
gi accompanying moisture transfer through walls maybe greater
t[an any other latent heat gain. This gain Is computed by -. -

'.- 'AAp,(, - h) (25)

4, tWnt bea gai.. W
Ma permcanceofwaIaseblyag/(s-mt -Fa) -
A rnmoft wal fac, mi.
Ap aPut psum dffenc. .a

4- mnthlpycf wawecndeiued at collogcoltkltts
-2500 klS when roomtompran nIurs 24'C and condesate off

ll Is 10"c

HEAT GAIN FROM
MISCELLANEOUS SOURCES

* .7Th calculation of thecooling load is affected bysuchfactors as
(itpe OfHVACsystem.(2)etfkctivenesaofheat aching.sru-.
h01C() fan location, (4) dct het gai or loa (5) doekage,
(6) ksraueacion Ratting systems, () type of retrn air system.,

"'(I) sequence ofcontrols. System perbsmance needs tobe ana-
i ds a sequence of Individual psychrometric process.. The

Zot srigtWorward method fist defimes all own (or desired)
Na poines onpsyclupivetric chart. Next, he actual ,la gand
ki"S dry- and wc-bt conditions ae calculated for sich cor-
Muens as the cooling nd/or heating coils (based on une or space
-6)6 te amount of outside sir Introduced Into the system through

. 40qupment, and the mount ofheat gainor Ioss at various points.
. tis overal process must verify Oat ie space conditions orgi-
uil sbout can actually be met by the designed systemby consid-
* all 'sensibleandlatentheatchangesto theufrashtravelsfrom

the space conditions trough the retun air system and equipment
back to the conditioned spac.If the designib successful(ie.,within
the degree ocomctiess ofthevariousdeignassumpdons),appro.
priate equipment components can sifely be selected. If Z, the
designer mustjudge it the results will be *close enougr satisfy
thencedsofthepmjectorifoneOrrnortassumptioand/ordesign
crteria must first be modified and the calculations sran.

Heat Gain from Fans

Fans that circulate air through HVAC systems add energy to the
system by one or all of the following processr

* Teonprcmn: rise in the airstreac from fan Inefficiency.
Depending on the equipment, fan efficiencies generally range
between 50 and 70%, with an average value of 65%. Thus, some
35% of the energy required by the fan appears as lnsantaneous
heat gain to the air being transported.

* Tenjperatre risc in the saistream as a consequence of air static
and velocity pressure. The "usefh" 65% of the total fan energy
that czeates pressure tn move air spreads out throughout the entire
air transpout system In the pocess of conversion to sensible heat.

. Designers commonly assume that-she temperanne change
equivalent of this beat occurs at a single point in the system.
depending on fan location as noted below.

* Temperatute rise Anoi heam gencrated by motor and drive
ioeftsciencles The relatively small gains from f=n motor and
drives are normally disregarded unless die motor and/or drive are
physically located within dhe conditioned airstream. Equado
(7), (8), and (9) may be used to estimate beat gains frna typical
motors. Bek drive losses ae often estimated as 3% of the motor
power rating. Conversion to temperature rise is calculated by
Equation (26).

The location of ec fan reladve (a other elements (primarily (-c
cooling coll) and the type of system (e.g.. single zone, mulizone,
double-duct, terminal reheat, VAV), along with the conceit of
e quipment control (space actpeature alone, spacm temperature and
relative humidity etc.), must be known before the analysis can be
completed.Afanlocatedupstreamofthe cooling coil (blowthrough
supply fan, rern rakin, outside air fan) adds the heat equivalent of
its Inefficiency to the sirstremat that point; thus. a slightly elevated
entering dry-bult temperature to the cooling coUl results. A fan
located downstream of the cooing coil raises the dry-bkb temper-
ature ofairie ing the cooling cdlThIs ise canbe offsetby reduo-
Ing she cooling coil temperure or. alternadvely. by Increasing
airflow across the cooling coil as long as Its impact on spam condi-
dons is consided.
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145579-V-CA-004

Attachment 7

1989 ASHRAE Fundamentals Handbook
Pg 33.2 & 4
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-

'Pt, ecM&(9)
where

pa b- pressure rise caused by waler hammer. lbr/ft
e fhAd density, 1bs/ft
c,- Wlodty of sound in the fluid, ft/s
Y-fludow wlol)ftAM

c, foriiater Is 4720 ft/s, although the elasticity of the pipe
redues the effective value.

33.4

re soraetimesAttachment ' Lad Bowman
Catc. No.: 145579-V-CA-004 to new pipe .

mn, Lnbam.,
Rev. No.: 1 bo 20%for
Sheet I of 2 zma Carrier

.ween friction

Originator a t-Tcorresi
Date: wYkA, -, 0 md conuded.
Checked by: rdsteel.lead,

Dat:r.(1941) a.'d
_Date, _____-_ _ _ socoldand

lo65%.Aged
(1983) recoin-
uncoated cast
r concrete..
:owon is ot a.
red inFurope-
i fr30years.

Extensive age-related flow data are available for use with the
Hazen-Williams empirical equation. Difflicttles arise in Its ap-
plicatiott, however, because the original Hazen-Williams rough-2

ness coefficients arc valid only for the specific pipe dIameters,
water velocities, and water viscosities used In the original ex-
periments. Thus, when the Q areutended to difflernt diameters,
velocities, and/or waterviscositles, errors of up to about 50% in
pipe capacity can occur (Williams and Hazen 1933, Sants 1978).
Water Hammer

When any moving fluid (not just water) is abruptly stopped as
when a valve closes suddenly, large pressures ca n develop. While
detailed analysis requires knowledge of the elastic properties of
the pipe and the flow.time history, the imiting case of rigid pipe
and instantaneous closure is simple to calculate. Under these
conditions.

NM I/ IA I I/N 1/. .. . . .- - I - . JI
LA toxA

rrrmn

U I PL/ Mi 1
*~ r:;.r e: .

,el

%J1I I,-IL LI.[ JIL
11

Ii

' I l P Wi P1 S nr.ni in
W~EgAi~fEHR*+ 1 ~ 1

i !l A t 810
at iitM1!

I io 30o0 to oo0 do 0 *.k*46o amb m mM20 iodoo 40000 100000

FLOW RATE, U.S. gal /min
FIg.! Fdcdn loss for Water to Commercial Sire Pipe (Schedule 40)

AS-659

1989 Fundamentals Handbook

Estaple3. What is the vauismm pressure rise if water flowing at 10
"ft/s is stopped instantamously?

SouiO- pa - 624 x 4720 x 10/3n2 - 91468 lb/ft1
- 635psi

Other Considerations

Notdiscssed JnuietallIn this chapta butof potentially great
importance area numb rofphyscal and emicalconsidrtiks
pipe and fitting design. materaLs, and joining methods must be
appropriate fbr working pressures and temperatures encountered,
as well as being suitablyresistant totchemicalattackby the fluid.

Other Piping Materials and Fluids

For fluids not Included in this chapteror for piping materials
of different dImensions, manufacturer's literature frequently sup-
plies pressure drop charts The Darcy-Weisbach equation and the
Moody chart or the Colebrook equation can be used as an alter-
native to pressure drop charts or tables.

HOT AND CHILLED WATER PIPE SIZING

. The Dacy-Weisbach equation with friction factors from the
bloody dat or Colebrook equation (or, alternatively the Hazen-,
Wifliams equation) is fundamental to calculating pressure drop
inhot and chilled water piplng however, charts calculated from
these equations (such as Figures 1. 2. and 3) provide easy deter-
mination ofprcssure drops for specific fluids and pipe stindards.
In addition, tables of pressure drops can be found In Hydraulic
Institute (197D) and Crane Co. (1976).

Most tables and charts for water are calculated for properties
at 6ED. Using these for hot water introduces some error although
the answvn are consertive; l.,cold water calculations oventate
the pressure drop for hot water. Using 60T water charts for200'T
water should not result In errors In bp exceeding 20%.

Range of Usage of Pressure Drop Charts

Gentera Design.Range.'he general range of pipe friction loss
used for design o fbydronicsystems Is between I and 4 ft/100 ft.
A value of 2.5 ft/M fl represents the mean towhich most systems
ae designed. Widerranges maybe used In specific designs, If cer-
t lain precautions are take.

Piping Noise. C)osed loop hydronic system piping Is generally
sized below oertaIn arbitrary upper Dmits, such as a velocity limit

- of 4 fpsfor 2-Ip.pipe and under. and a pressuredrop lImit of 4 ft
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Tablet IFadorn-Tbrarena np .wan

. l W lnag.
rVle S&.ndd Radi.s 45 seturmn

Swwog M3
'1k- 12k.. Globe Gate Angle CQeek Mesth Square releCtes

Dia.,rsa Ebow Elbem Elbow Bend LA" Iael Van Val" Valve Val" Inlet I'let Ladj
10 2.5 - 038 24 0.90 2.7 20 .40 - 8.0 .05- 0.3 -I'D
ts 2.1 - 0.37 2.1 0.90 2.4 14 0.33 - .s 05 0.5 1.0
20 1.7 0.92 035 1.7 0.90 2.1 10 028 - 6.1 3.7 0.05 0.5 1.0
25 1.5 0.78 0.34 1.5 0.90 1.8 9 0.24 4.6 3.0 0.05 0. 1.0
32 1.3 0.65 033 13 030 1.7 8.5 22 3.6 2.7 0.05 0.s 1.0
40 1.2 0.54 *0.32 1.2 090 1.6 a 0.19 2.9 2.5 0.05 0.5 11
50 1.0 0.42 0.31 1.0 0.90 1.4 7 0.17 2.1 2.3 0.05 0.5 1.0
46 0.35 0.35 0.30 0.15 0.90 1.3 6.5 0.16 2.6 2.2 0.05 03 1.0
so 0.0 031 0.29 020 030 1.2 6 '0.14 1.3 2% .o5 0.5 .O

200 0.10 0.24 0.28 0.70 0.90 1.1 5.7 0.12 1.0 2.0 .0.05 05 1.0
&L:qgeewq P. Boat QIphnl hedke.. 1979

Table2 XFadorn-PlanedWededPipeitfings.

Naminal I W ng- 45*Laog- Retsr Retus Swing
pspe Standard Rwa Radius Bend BEnd Leg- Tee. hke. Globe Cate Angle aCnk

Ia,rMi Ebow Elbow Elbow Standard Radine line Bruch Val" Valve Valve Valve

25 0.43 0.41 0.22 0.43 0.43 0.26 - 1.0 13 - 4.8 2.0
32 0.41 0.37 0.22 0.41 0.38 0.25 035 12 - 3.7 2.0
40 0.40 035 0.21 0.0 035 0.23 0.90 10 - 3.0 2.0
so 0.38 0.30 0.20 038 0.30 0.20 0.94 9 0.34 2.5 2.0
65 035-. 0.28 0.19 035 0.27 0.11 0.79 3 0.27 2.3 2.0
80 034 0.25 0.18 034 0.25 0.17 0.76 7 0.22 2.2 2.0

100 0.31 0.22 0.18 031 0.22 0.15 0.70 6.5 0.16 2.1 2.0
150 0.29 0.18 0.17 0.29 0.1 0.12 0M2 6 . 0.10 2.1 2.0
200 0.27 0.16 0.17 0.27 0.45 0.10 0.5 5.7 0.8 21' 2.0
250 0.25 0.14 0.16 0.25 0.14 0.09 0.53 5.7 0.06 2.1 2.0
300 0.24 0.13 0.16 0.24 0.23 0.0 0.50 5.7 0.05 2.1 2.0

JomaecEquwt'g DW Awe (HIoie tasIk.. 1179).

lble 3 ApproxImateRangeofVariationfortFadors

90* Elbow Regularbcadod *20% above 50 w Teu rededL lime orbanch *25%
* 40%below50mm lnge l4 eorbrnch *35%

Log-adiwstbmaded *25% Gobevalve 1bred *25%
Regularflanged *35% Flanged *25%
Long-rmdia Ranged *30% Gate Vain bTa&4 *25%

45'Elbow Regolardreaded *10% Flanged *50%
LUng-radias flanged *10% Angle valve Threaded *20%

PEmbend RetgularWeeded *25% Flanged 250.
a(r) Regularflanged *35% fltkvalve 1breaied 250%

Lon-radiusflanged * t% rged +200%

-80%
.s.. :ma te be e .B ook 0Iradn.&e bi IM

Mible 4 Comparxsou oft Factors from Rahueyer (1999a) with Previous Referaece Data for Elbows

Rahmetr Vales
r'nhs ReVs Values CA r/s L2uls 2.4 Ws

50 an sundma- elbow ( dod4 . 0.60 to LA (1.0) 0.54 0.6 0.68
100aslong-idloselbow(wded) Mto0.24M22) 0.2 0.26 024
100mstandadelbow(welded) . 031100.34 O40 037 034
30mwve&dagetbo(50x40)(&mxde) - 0.76 0.81 0.87
50 mm apan&ng elbow (40 x 5) (ibreded) - 0.65 0.59 054

100 munbdwcIngelbow(10Dx80)(welded) . 0.72 07 0.45
100 mm apua n elbow (80 x 100) (welded) - 0.2 0.2 0.27
50srnmdOer0 x40)(tnded) . - 0,9 0M 0.28
50eaprnd , (40x5W)(dedef) - 02D 0.16 0.13
100mmmseducer(100x")(wowed) 022 0A0 0.23 0.14
100sem xpnslon (0 x 100) (welded) - 0.13 0.11 0.1

Qevinc .dcraestea - Fin.(19413-C. (3976) HyaultaiTee (T1979 - N Glob Cate Angle bI Mouth 2.dr to

S
I

1

C3

I
k

-i

.1

Attachment
Calc. No.:
Rev. No.:

7
145579-V-CA-004

1

Originator -
Date:
Checked byr
nD-a I

Sheet 2 of 2 0
:L

50 ft
50M

100,

100

50.

S.

En

din
ape

4" 46-69



RPP-24544 REV Id

145579-V-CA-004

Attachment 8

Data sheet 145579-V-DS-12.1,
Appendix A, Pg 11-15 of 116,

York International
Air-Cooled Scroll Chillers

Style C YCALOO14 - YCALOI34
Selection Data

Form 150.62-EGI

A5-661



RPP-24544 REV Id

FORM1SO.62-EGI

Selection Data
GUIDE TO SELECTION

Capacity ratings forYORK YCAL Packaged Air-Cooled
Liquid Chillers. shown on pages 16 through 39 cover
the majority of design applcations for these units. For
unusual applications or uses beyond the scope of this
catalog, please consult your nearest YORK Office or
representative.

SELECTION RULES

1. Ratings - Ratings may be Interpolated, but must
not be extrapolated.The Ratings given on pages 16
through 39 and the DESIGN PARAMETERS given
onpage11 Indicate thelimits ofapplicationfor these
chillers.

2. Cooler Water - Ratings are based upon 2.4 GPM
per ton which Is equal to a 107 chilled water range
and a 0.0001 fouling factor for the cooler at sea level.
Tables on pages 16 through 39 give capacity, com-
pressor kW required, cooler GPM and unit EER.

3. Condenser - Ratings are given In terms of air on
condenser In degrees Fahrenheit-

4. Copper Fin Condenser Ratings - Since the ther-
mal conductivity of copper Is slightly higher than
aluminum, apply the following corrections to the
standard ratings. Tons x 0.97 and compressor kW
x 0.99.

5. Performance Data Correction Factors - Ratings
are based on 0.0001 cooler fouling factor, 107
chilled water range and at sea level. For operation
at diferent conditions, apply the appropriate cor-
rection factor from the following table.

FoULING FACTOR
0.0001 0.00025

ALTITUDE TOs COMPR TONS COMPR
SpurD kW EkW

8 0.994 0.999 0.991 0.908

sEALEVE, 10 1.000 1.000 0.993 0.999
12 1.006 1.001 (1.99 0.99
14 1.008 1.002 1.005 1.000
8 0.990 1.010 0.A4 1.009

10 0.995 1.010 0L990 t.0S
12 0.999 1.011 0.995 1.010
14 1.004 1.015 0.998 1.011
* 0.983 1.021 0.977 1.020

10 0.8 i.2 0.3a 1.021
12 0.394 1.025 0.988 1.024
14 0.997 1.026 0.993 1025
8 0.978 1.0S 0.973 1.M4

U110FE 10 0.982 1037 0.978 1.03$
1 12 0.987 1037 0.980 t.036
1 14 0.992 1.038 0.986 1.037

YORK mNERNnoNA

6. Ethylene Glycol Correction Factors - The fol-
lowing factors are to be applied to the standard
ratings for units cooling ethylene glycol.

ETHYLENE GLYCOL

%WEIGHT TONS COMPR GPMFITDN FR PTkW DROPFRZET
IC M.8 0.997 24.1 1.034 28
20 0.91 0.99 24.9 1.062 18
30 0.974 0.995 26.1 1.096 5
40 0.966 0.991 27.5 1.134 -10
50 0.957 0.989 29.1 1.172 -32

7. Propylene Glycol Correction Factors -The fol-
lowing factors are to be applied to the standard
ratings for units cooling propylene glycol.

PROPYtENE GL.YCO

%EGHT COMPR GPM*FITON PRESSFREEZE PT*kWIGH DROP _ __

10 0.983 0.996 24.2 1.048 27
20 0.974 0.995 24A .086 19
30 0.961 0.990 25.1 1.134 8
40 0.946 0.98 26.0 1.186 -5
so 0.925 0.984 27.2 1.247 -25

METHOD OF SELECTION

To select of YORK Packaged Air-Cooled Liquid Chill-
er,
the following data must be known:

1. Design Capacity in tons refrigeration (TR).
2. Entering and Leaving Liquid Temperatures.
3. Outside ambient air temperature in degrees F.
4. GPM of chilled liquid.

Determine capacity requirements from the following
formula:
GPMTRx24RANGE (F)

EXAMPLE -WATER CHILLING

1. GIVEN: Provdeacapadtyof50Tcnsat42*Fleav-
Ing water 10'F range, O.0001FF 80F air on the
condenser, at sea level and 60 Hz.

2. FIND: Unit Size
Compressor kW Input

11145579-V-DS-12.1. Appendix A
Page 11 of 116
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3. From the Ratings on pages 16 - 46:

SELECT' YCALOO5O (English Units)

63.1 Tons
48.7 Compressor kW
11.7 Unit EER

4. Calculate Compressor kW at 50 Tons:

kW = .. x 48.7kW = 45.9kW
53.1

5. Calculate GPM:

GPM = 50 Tons x 24 = 120 GPM
106F Range

6. From Page 14, read 10 ft of water cooler pressure
drop for GPM:

7. AYCAL005O Is suitable.

EXAMPLE .- Brine Chilling

1. GIVEN: Provide a capacity of 34 tons cooling
30% by weight Ethylene Glycol from
50-F td 40'F. 0.OO025FF. 95F air on
the condenser, 60 Hz and 4000 ft. al-

titude.
2. DETERMINE:

Unit Size
kW Input
Ethylene Glycol GPM
Cooler Pressure Drop

3. See Ethylene Glycol correction factors, for 30% by
weight Ethylene Glycol.

READ: .974 Tons factor
.995 Compr. kW factor
26.1 Gal.TFITons factor

4. See Performance Data Correction Factors for
0.00025 fouling factor and 4000 ft. altitude.

READ: .983 Tons factor
* 1.021 Wfactor

5. From RATINGS on pages 16 - 46:

SELECT. YCAL0040 (English Units)
36.1 Tons
38.6 Compressor kW

6. Determine YCAL0040 brine cooling capacity
and Compressor kW requirement
A. Tons = 36.1 x .974 x .983 = 34.6
B. Compr.kW = 38.6 x .995 x 1.021 = 39.2

7. Determine average full load Compressor kW at
34 tons:

34 tons x (39.2 kW) - 38.5 Compressor kW
34.6 tons

8. Determine Ethylene Glycol GPM:

GPM = Tons x Gal. F/minfron factor
Range

GPM = 34.0 x 26.1
10

GPM = 88.7
9. Determine Cooler Pressure Drop:

JCsee Ethylene Glycol correction factors for
30% by weight Ethylene Glycol.

READ: 1.096 Pressure Drop Factor

B. See page 14 at 88.7 GPM for the YCAL0040.

READ: 6.5 FL HO Pressure Drop

C. Cooler Pressure Drop = 6.5 x 1.096 or 7.1 Ft.
HO

10. YCAL0040 Is suitable.
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FORM 150.62-EGI

Design Parameters
ENGLISH UNITS

LEAVING WATER
YCAL TEMPR TRE (*F) COOLER FLOW (GPM3) AIR ON CONDENSER rF)

MIN' MAX2  MIN MAX MIN' MAX%
0014 40 55 25 60 0 125
0020 40 55 25 60 0 125
0024 40 55 30 70 0 125
0030 40 55 35 170 0 125
0034 40 55 35 170 0 125
0040 40 55 60 325 0 125
0042.,- 40--1 55..... 60- 325- 0 125
O04u 40 55 60 325 0 125
0050 40 , 65 60 325 0 125
0060 40 65 60 325 0 125
0064 40 55 100 350 0 125
0070 40 55 100 350 0 125
0074 40 55 100 350 0 125
0080 40 55 100 400 0 125
0090 40 55 138 525 0 125
0094 40 55 138 525 0 125
0104 40 55 150 625 0 125
0114 40 56 156 625 0 125
0134 40 55 156 625 0 125

SI UNITS

LEAVING WATER
YCAL TEMPERATURErc) COOLER FLOW fls) AIR ON CONDENSER (C)

MIN' MAXI MIN MAX MIN4  MAX'
0014 4.4 12.8 1.6 3.8 -17.7 51.7
0020 4.4 12.8 1.6 3.8 -17.7 51.7
0024 4A 12.8 1.9 4A -17.7 51.7
0030 4.4 12.8 2.2 10.7 -17.7 51.7
0034 4A 12.8 2.2 10.7 -17.7 51.7
0040 4A 12.8 3.8 20.5 -17.7 51.7
0042 4.4 12.8 . 3.8 20.5 -17.7 51.7
0044 4.4 12.8 3.8 20.5 -17.7 51.7
0050 4A 12.8 3.8 20.5 -17.7 61.7
0060 4A 12.8, 3.8 20.5 -17.7 51.1
0064 4A 12.8 6.3 22.1 -17.7 51.7
007 4A 12.8 6.3 22.1 -17.7 51.7
0074 4A 12.8 6.3 22.1 -17.7 51.7
0080 44 12.8 6.3 25.2 -17.7 51.7
0090 4.4 12.8 8.7 33.1 -17.7 51.7
0094 4.4 12.8 8.7 33.1 -17.7 51.7
0104 4.4 12.8 9.8 39.4 -17.7 51.7
0114 4.4 12.8 9.8 39A -17.7 51.7
0134 4.4 12.8 9.8 39.4 -17.7 51.7

NOTES:
1.ForIhaving t@ M i'npermtuw below 407 (4A). contact yom x est YORK Office for appicaaion mqulsneits.
2. For eving wter tempeaUe lIgher Mari 55'F (12K.C conact he nearest YORK Ofce far appUcaon gVkdelehs.
3. The evaporatorIs protected against teezing to -207 (.2&*C) with an electric hnter as standard.
4. For operadon at Irpemhnss below 26F (-319C). tIe pUooal Low Ambient IQ wit need to be btalled on h system (fcrYCALC14-

4 0080 models ny).
5. WO9Foroperaon at b1nflrets above 1157 (46.C), the opilonal Migh Ambent lt wilt need to be Instaled on the sysem.

YORK INTERNAmONAL 13145579-V-DS-12.1, Appendix A
Page 13 of 110
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Water Pressure Drop

ENGLISH

100.0 1 1 - i 1 -- I Ii I A I I

B -- i

C/ E

0

. _A

n

100

Flow, GPM

MODELYCAL COOLER CURVE
0014,0020 A

0024 B

0430. 0034 C
0040, 0042 0044, 0050, 0060 D

0064,0070.0074 E

0080 F

0090,00$4 G

0104,0114.0134 H

1000
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FORLI 10.62-EGI

SI

B

A

10.0 100.0
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0o-Fi1w 65-

Flow.LIS

MODELYCAL
0014,0020

COOLER CURVE
A
B

0030. 0034 C
0040,00420044,0050,0060 D
8064, 0070, 0074 E
0080 F
0090, 0094 0
0104,0114,0134 H

Note:Waer PResw Dmp Cnes may exWend past m. minm m a" mxmm water low fange. See page 13 for mnhmm and
ratimum fow pofns.
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CS & STC Series overview

CS SERIES
Fixed tube construction heat exchangers with NPT

connections. Made of steel with copper cooling tubes and
cast Iron end bonnets. Standard sizes from 3" through *
diameters. Standard one. two, and four pass models are
available. Options Indude 90110 copper nickel and 316
stainless steel cooling tube, and zinc anodes. Can be
customized to fit your requirements.

STC SERIES
Similar in design to CS series with fixed tube construe-

tNan and NPT connections made of 316 stainless steel.
Standard sizes from7"through r"diameters. Standard one,
two, and four pass models are available. Larger diameter
units available upon request Can be customized to fit your
requirements.

CS 2000 SERIES
Fixed tube construction heat exchangers wit:l AC.

ange connections. Made of Steel with copper cooirn
tubes and cast iron end bonnets. Standard 1 diameter
from 111 to 442 sq. ft. Standard one, two, and four pass
models are available. Options Include 90/10 copper nickel
and 316 stainless steel cooting tubes, and zinc anodes.
Can be customized to fit your requirements.

(See Page 51)

CS 2400 - CS 4800 SERIES
Sbrak tube la-ge capacity heat exchangers with

fixed tube bundle. Standard one, two and four pass units
avalable. Sizes from ir to 24" diameters. Made of steel
with copper cooling tubes and steel channels. Options
Include 90/10 copper nickel and 316 stainless steel cool-
Ing tube, and zinc anodes. Can be customized to fit your
requirements.
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CS & STC Series overview

CAST BONNET
Provides fluid Into
tubes with minimum
restriction. One, Iwo,
or four pass inter-
changeablity.

MOUNTING
BRACKET

Heavy gauge steel
mounting brackets
are adjustable in
orientations to 360
degrees.

FLOW CAVITY
GenerouslysIzedtoat-.
low bX MiniiMM
sure drop and
uniform flow.

DRAIN PORT
Drain ports allow for
easy draining of tube
side. Optional zinc an-
ode can be inserted in
place of plug.

THREAD
CNC precision
threading to provide
accurate leakproof

pres. onc a
more

TUDEJOINT Fu
Roller expanded lube ga
)oin to lube-sheet.

m.

BAFFLES
CNC manufactured baffles to
provide maximum kubulence and
heat trnsfer witha minknwn fluid
pressure drop.

BUN
CNC

TUBE SHEET
Precision-machined
tube-sheet provides
for long lasting high
strength service.

U FAEGASKET-------- -
ti-face composite
sket.

AttachmTent-
Catc. No.:
Rev. No.:
Sheet

turedj
a CIo
the b
shell.
miilmi
mat

FINISH
Gray serigoss
enamel. Can be
used as a base
for additional
Coats.

DLE ASSEMBLY
recision manamc-
pails to guarantee
se fit between
affles, tubes. and
Clearances are

[zed to provide for
,rn heat transfer.
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UNIT CODING
Example Model

Originator:
Date:

Options Checked by: _ R _

Date: 0dl 1r Ao
CS-1224-4-6-TP-CNT-B-Z

Z Tzinc Anode
Z - 1 Zinc Anode

of Shelf Diameter 2Z - 2 Zinc Anode etc.
S m Effective Spacing I l TubingTO &DO-4 Tube LeLgth is* TubekCpp EndBornets

1000-6.2W (Irla"rens BCank .kiie

1200 .62.25' -Ia Sie. D"n - Cast ron
1700-8.07. &V Danenter PASP Opsons

4.0* 6=- 3/W TP:,ps CifT.StriiCum Q0110115
61 l05v/8 FPl.pass STS-Stainseste B - Bronze

STANDARD CONSTRUCTION MATERIALS & RATINGS

SagSledl 31118tainlaS100 Oprat rssreTue
Tubes Copper 316 fitainlss Sledl Iso psig

Tt e e S ha l t O p e r a Qn g P r e s s u r S h e l l

End Sonnets Castbron 316 SWan sSled OperatingTemnporahur
MonigBrackets 1te te 3N0 -F
Gasket I HypaionCecmposite HypolnCanpoSf &-

AOM i ni S.. IN b M. ... Swe a d. ang.. n tm. A..

M
C
S.
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CS & STC Series selection
TEP 1: Calculate the heat load

The heat load in BTU/HR or (Q) can be derived by using several methods. To simplify things, we will consider general specifications for hy-
draulic system oils and other fluids that are commonly used with shell & tube heat exchangers.

Terms Kw - Kilowatt(watsx 1000)
GPM - GallonsPerMinute T, - Hot fluid entering lemperature in OF

CH 0 ConstantfNumberforagivenfluid T. - Hot fluid exiting temperature in *F

- AT - Temperaturedifferndialacrossthepolential t -. Coldfluiddfemperahfrenteringin*O
PSI - Pounds per Squam Inch (fprssure) of the operadng side of the system tm - Cold fluid temperatue exiting inOF
MHP - Horsepowerof the electric motordriving the hydraulic pump Q - Fl

For example purposes, a hydraulic system has a 125 HP (93Kw) electric motor installed coupled to a pump that produces a flow of 80 GPM @
2500 PSIG. The temperature differential of the oil entering the pump vs exiting the system Is about 5.3F. Even though our return line pressure
operates below 100 psi, we must calculate the system heat load potential (Q) based upon the prime movers (pump) capability. We can use one
of the following equations to accomplish this:

To derive the required heat load (Q) to be removed by the heat exchanger, apply ONE of the following. Note: The calculated heat loads may dif-
fer slightly from one formula to the next. ihis is due to assumptions made when estimating heat removal requirements. The factor (v) represents
the percentage of the overall input energy to be rejected by the beat exchanger. The (v) factor is generally about 30% for most hydraulic systems,
however it can range from 20%-70% depending upon the installed system components and heat being generated (ie. servo valves, proportional
valves, etc..will increase the percentage required). -

FORMULA Ex.EMZ Constant for a given fluid ( CN)
A)Q-GPM x CN x actual AT A) Q=0x210x5.3F=89,040"BAR
u)Q=[(PSIxGPM)117141 x (y) x 2545 a) Q =[(25Wx0)/1714] x .30 x 2545= 89,090 Tn/ 1)01i ......................... CN-210
c) Q - MIIP x (v) x 2545 HR 2) Water..........C
D)Q = Kw to be removed x 3415 c) Q =125 x.30 x 2545=95,347 sTu4m 3) 50%E.Glycol.
z) Q - HP to be removed x 2545 D) Q =28 x 3415=95,620 mhiM

STEP 2: Calculate the Mean Temperature Difference

*When calculating the MTD you will be required to choose a liquid flow rate to derive the cold side AT. If your water flow is unknown you may
need to assume a number based on what is available. As a normal rule of thumb, for oil to water cooling a 2:1 oil to water ratio is used. For ap-
plications of water to water or 50 % Ethylene Glycol to water, a 1:1 ratio is common.

FonntMA
HOr FLUID AT = Q

Oil CN x GPM

COLDFLUIDAt = BTU/hr
Water C xGPM

ExAMPLE

AT = 89,090BTUhr (rrmnstepJtems) =5.3F = ATRejected
f1 CNz x 0GPm

At 89,09OBTUflr
3wTTx~0PMro a 2:1 ntio)

= 4.45-F = AT Absorbed

Hot Fluid enteringtemperature in degrees F
Hot Fluid exiting temperature in degrees F
Cold Fluid entering temperature in degrees F
Cold Fluid exiting temperature in degrees F

T, -Lt . S[smadler temperature difference]
TI -t, L [larger temperature differencel

STEP 3: Calculate Log Mean Temperature Difference (LMTD)

To calculate the LMTD please use the following method;

L - Larger temperature difference from step 2.
M aS/L nurmber (wocATED mN TABLE A).

TI -1253OF
T. =120.0 *F

h -70.0*F
t a74.5OF

12.0*7-70.0*P- 50. *F m 50.0-F .994
125.3F -74.5*F = 50.8*F aO.8

Attachment
Cal. No.:
Rev. No.:
Sheet
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To corrt the LMTD, for a multipass heat exchangers calculate R & K as follows:

F6RMUIA

R= -

K=

125.3-120*17
R= -7431 7 F 00

5.37
4.- =

74.5'F-70OF 4.50P
u24.5*F70-F ' 5.4F

(1.17=1R}

(0.081=K)
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LMTD 1=50.8 X .992(FoM TAME A)=50.39

Locate the correction factor CF3
(noTABLE B)[. L, M' x CF.
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CS & STC Series selection
STEP 4: Calculate the area required

Required Area sqfL = Q (BTU / HR)

LMTDx U (Flom TABt C)
STEP S: Selection

89,090 =17.8 sq.fL
50.39 x 100

a) From TABLE E choose the correct series itize. baffle sacing, and number of passes that best fits your flow rates for both shell and tube side.
Note that the tables suggest minimum and maximum information. Try to stay within the 20-80 percent range of the indicated numbers.

Example
Oil Flow Rate = 80 GPM = Series Required from Table E = 1200 Series

Baffle Spacing from Table F = 4
Water Flow Rate = 40 GPM - Passes required in 1200 series - 4 (Fr)

b) From TABL D choose theheat exchanger model size based upon the sq.ft. or surface area in the series size that will accommodate your flow
rate.

Example
Required Area - 17.68sq.ft Closest model required based upon sq.fL & series - CS -1224-4-6 -FP

If you require a computer generated data sheet for the application, or if the information that you are trying to apply does not match the corm-
sponding information. please contact our engineering services department for further assistance.

TABLE A- FACTOR M/LMTD = L xM'

25 .541 .57 .7 2 .75 .870
.01 .21S .26 .549 .51 .728 .76 £13
.02 .2 .27 .612 .52 .734 .77 .879
.0 .277 28 .566 .- 3 .740 .8 .86
.4 .298 .29 .574 .54 .746 .79 .E90

.12 417 .30 .634 .62 .753 .80 396
A .334 .31 .589 .56 .759 .81 .902
.07 .38 .32 .S97 .57 .365 .82 .947
.18 M M0 .604 .5 .771 .83 .913
19 .378 .34 .612 .M6 .777 .84 .918

.10 .491 .35 .619 .60 .783 .M2 .9M3

.11 A7 .6 .626 .61 .789 .As .928

.12 A15 .37 .614 .62 .795 .07. .934

.13 .427 .38 .641 .63 .801 .88 .939

.14 A38 .39 .648 .64 .8)6 .89 .944

..1 Is .48 A40 .555 .65 .813 .90 .949
.16 A58 A7 .662 .66 .818 .91 .955
.17 A69 A2 .669 .67 .A2 .92 .i59

.20 A97 AS .689 .70 .im .95 .97S
21 .5013 As .695 .71 .848 .96 .979
.22 .515 A7 .702 .72 A52 .97 .ASS
23 .524 .48 .709 .73 .58 .88 .881
24 .533 A9 .715 .74 .864 .99 .995

TABLE B- LMTD Correction factor for Mullipass Exchangers

I I I I I I I .9.993.984.M1.2.2.906.645 .71

1 1 1 1 1 1 .. .968.922.85 .10

t I I I M9.961 .965.94.916.872

1 14021 .8,5

968

.£80
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TABLE D- Suface Area

CS814 - - CS-28 85.3 17.7
C3-24 - - CS-1248 47.1 23.6

CS-63M - - CS-1200 58.9 29.5

S CS-1272 70.6 ~ 'SA~

CS-814 - - CS-1284 B2.3 41J

CS-824 - - Cs-1296 94.0 47.2

CS836 - -

CS848 - - CS-1724 40.1 23.6

CS-1736 60.1 35.3

CS-1014 8.7 4.6 CS-1748 00.1 47.1

CS-1024 14.9 7.8 CS-1760 100.1 58.9

C3-1036 2.4 11. CS-1772 120.2 70.7

CS.1048 29.9 15.8 CS-1784 140.2 8±5
CS-1060 37.4 19.8 CS-1796 160.2 .94.3

CS-17108 180.2 106.1

CS-1224 23.6 11.8 C7S-1120 200.2 117.9

TABLE E- Flow Rate for Shel & Tube

15 20 2 W 30 - W5 24 2 12

20 34 45 60 - 4.5 38 3 21

30 36 50 55 - E. c 37

4S 50 70 100 125 15 112 7.5 6
60 65 100 140 220 29 180 14 0

50 80 10 10 24 4 32O 25 160

TABLE C-

400 Water Water
350 Water 50% E. G"yc
100 Water Oil
300 50%E.Glycol 50%E.Glyc
90 50%E.Gycd on

Copyht O2004 Amnrcan ksduautai HsMTransfvr, Inc. 3JWoMis *13 Zc, L l@99 t (47) fll.W bc I 0 "47311010

R .
.117
.Ms5

. M.96

£40
.115
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,CS & STC Series performance
nstructlons

The selection chart provided contains an array of popular sizes for quick
sizing. It does not provide curves for al models available. Refer to page 44
A 45 for detailed calculation information.

Computerseleclion data sheets forstandard orspecial models are avall-
able trough the enginoerig department ol American Industrial. To use the
followings graphs correctly, refer I0 the Instruction notes &1-5*.

1) HP Curves are based upon a 40'F approach temperature; for
example: oil leaving a cooler at 125T. using 85F cooling water
(125 -8&F -40?F). -

2) The oi to water ratio of 1:1 or 2:1 means that for every gallon of oil
circulated. a minimum of I or 112 gallon (respectively) of as*F water
must be circulated onatch Ie curve results.

3) OIL PRESSURE DROP CODING: + . *- 10 psi: 0 - 20 psi;
A- 50psi. Curves that have no pressure drop code symbols ndicate
that the oil pressure drop Is less than 5 psi for the low rate shown.

4) Pressureropisbaseduponokwithan aynec of 100SSU.
if the average ol viscosity Is other than multiply the
Indicated Pressure Drop by Uhe correspo~mgvli from corrections
table A.

5) Corrections for approach temperature and oil viscosity are as follows:

H.P.(RW c .,) - H.P.(, x A) V Appah) XB.

HEAT ENERGY DISSIPATION RATES (Basic Stock Model)

1. 614- 1.3-4- P
2. 614 3-4-FP
3. 624 -l--P
4. 624- 3-P
S. 814-1.7-4-P

K6. 814 - 4- 4-P
7. 824-1.7-4-Fli
8. 824 -44-FP
9. 836-1.7-4-FP
10. 836-44-FP
II. 1014 .2-6-FP
12. 1014-54P
13. 1024- 2-&FP
14. 3024-5-P
I1 1036.24.--P
16. 1036.54-PP
12. 1224 - 5-PF
1 8. 1224-64-FP
I9. 1236.2.54-P
20. 1236 -6-VP
21. 1248-2.5-0-PP'
22. 1248-6-&P

* 23. 1260.--54P
- 24. 1260 - .-6FP

25. 1724 -3.5-41"
26. 1724-0.4--P

227. 17W35--P
28. Me36- 84-6-P
29. 1748-.-5- f-P
30. 1748-8.44P-31. 1760 - ..Z4. P

- 33. IMz -3-&P
.34. 1772. f+ P

21

2:1
2:1
21
2 1
2:1

2:1
2:1
2:1
2.1I

II 1 i'-I -. --As~fY > -"~t"-
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21
2:

21

2:l
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p -. Si7 COS39f-T9Y7.C&

CORRECTiONS
Avg. Oi

-AB
ssu

Attachment 9
Calc. No.: 145579-V-CA-004 . -W

* Rev. No.: 17r W
Sheet 6 of 10 S W TKU

goo 400 1.a

2 _ I ~ F
3 4 5 6 7 8 910 15 20 40 60 80 100

GPM (Oil Through Cooler)

4 . uRn: 2..... S. S W.ms. . .. d. S.I.. .i 
a.a.0.7.

46 cpthO2004 Anu.n htnasthlI-.S w.Inc. 215 oe 1.7n3.Z.t60 ot I 0-)732200 bC 047)73101

200

w--wat"'
AS-6 13

cc

0
0-
z

0
'U

cc

i'-',



RPP-24544 REV Id

CS Series dimensions

M

E2 7H

P E GT

cS.vw CS. In.&a0.1m
CS400 A CS400

SINGLE PASS (SP)

R 4%'
L a T

7

T

E P

*10

0$ 17T

TWO PASS (TP)

-M

T I c L 
-T T I

0 Q, A

E PL oo osa c

COMMON DIMENSIONS & WEIGHTS
FOUR PASS (FP)

3. 4 15 .38

27.8 4.44 .63 (2 2.00 .50

.09 6.05 .32 2.00 -

30.00

7.23 1.99 40

2.1 1.M 1.00 1.00

.12 3.70 .8 .51

VAB 4.44 .A3 1.25 I.M

81 .8 .7 22' t

t.(.2)~o 1.50 119

103

. 6 6

. 033&4 1.00 ( 2.) ZOO

3.5 4.0 10.00 17.00 (2 .0 17
20.0 231 27A 2.7S 4.18 1.62 ."#xom 2) 1.00 24

9.00 16.62 32
4.25 6.00 19.00 3.12 28.62 3.50 4.25 US .44xL.OO (2) 1.50 41

31.00 38.62 .25 53

S 6.75 1.o &2 27.12 4.00 5.25 2.00 .44*X.00 (2) 1.50
31.00 39.12 .S72

.F25 . - 3 a
30.25 39.13 110

6.25 7.75 42.25 4.16 51.13 4.50 6.25 2.50 .44x1.00 (2) ZOO 135
54.2S 3.38 160

68.25 7 1 S.13 185
I I IV1.50 I140

Attachment Originator:
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pSTC Series dimensions

M

T

T-

SINGLE PASS (SP)

n C N 451
L 8-T

T

L .. ; -- - - -A- - - -----

KT

E. L 3MM Mom00STo~iyw

TWO PASS (TP)

-M

E- ~ ~ ~ ~ ~ ~ s L 'TCOdsruw M
E P tree .t ee0

COMMON DIMENSIONS & WEIGHTS
FOUR PASS (FP)

3.70 AO (2) 1.50 .JS

1788
.88 4.44 . (2 2.00 M0

.09 US .X z.oo -

2.00

.00 S.AS 1.43 1.001 -

57.2300 40

79

.8 4 4 .6 . .0

4

- 70 
.30701055 4 A 4 7 .2 3 . 2

27 .1 47 0 7 m 16

7 A 00 05 
20

18

7.0 .8 2. .5

3.12 4.50 2.31 17.00 .75 4.18 1.2 .3x0.88 1.002
9.00 16.62 32

4.12 6.00 19.00 3.12 26.62 3.5o 4.25 1.75 A4xI.00 (M 1.50 41
31.00 38.62 4. 

2 ( _.5.12 V.7 19g0 3.62 2.2 4.00 5.2s 2.00 A4qx1.00 (2) 1.50 S77a,31.00 - 39.12 25 72

4.16

2.3
39.13
51.13
63.13

4.50 6.2S 2.50

I' ORfl I i . VV V;

9
145579-V-CA-004

1
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CS & STC Series installation & maintenance
PIPING HOOK-UP A ._..Hot fluid to be cooled

B . .... Cooled fluid
C ..- Cooling waterIn
D ... Coolingwatorout

.....- Single Pass
.... Two Pass

... Four Pass

FOUR PASS

Receiving I Installation
a) inspectunitforanyshippingdamage before uncrating. indicate all dam-
agos to the trucking firms'dolivery person, andmark iton the receiving bil
before accepting the freight. Make sure that there Is to visible damage to
the outside surface of the heat exchanger. The published weight informa-
tion located In this brochure is approximate. True shipment weights are

-determined at the time of shipping and may vary. Approximate weight
Information published herein is for engineering approximation purposes
and should not be used for exact shipping weight. Since the warranty Is
based upon the unit date code located on the model identification tags,
removal or manipulation of the Identification tags will void the manufac-
turers warranty.

b) When handling the shell & lube heat exchanger, special care should
be taken to avoid dropping the unit since rdshanding could cause the
heat exchanger to crack and leak externally. Mishandling of the unit Is
not covered under the manufacturers warranty. All units are shipped with
partial wood/corrugated cardboard containers for safe handing.

C) Storage: American Industrial heat exchangers are protected against
the elements during shipment. I the heal exchanger cannot be installed
and put Into operation Immediately upon receipt, certain precautions are
required to prevent deterioration during storage. The responsibility for
integrity of the heat exchanger(s) Is assuned by the user. American
Indiuswial dl not be responsible for damage, conosion, or other deterlo-
raod of the heat exchanger during transit or storage,
Proper storage practices are Inportant when considering the high costs of
repair or replacement, and the possible delays for urns which require Iong
lead times for manufacture. The olowing listed practices are provided
solely as a convenience to the user, who shA make their own decision
on whether to use al or any of them.
1) Heat exchangers not to be placed in Immedate service, require pre-

cautionary measures to prevent corosion orcontaminadlon.
2) Heat exchangers made of ferrous materials, may be pressure-tested

using compressed air at the factory. Residualol coating on the Inside
surfaces of the heat exchanger(s) as a result of ushing does not
discount the possibiltyof Internal corosion. Upon receipt lill the heat
exchanger(s) with the appropriate grade of ol or apply a corrosion
preventingi bfbltor for storage.

3) Corrosion protection compounds for Inferior surfaces for long term
storage or other applications are applied solely at the request of cus.
tomers. Upon request, American Industral can provide a customer
approved corrosion preventative I avaiable when included in the

.AAMii ,n . . nt. e..dw- a d.
Copygto 0 2004 American kfnfaW Heat Tiniaer. nc. 800 Rc In

original purchase order specifications.
4) Remove all dirt, water. Ice, or snow and wipe dry before moving heat

exchanger(s) Into storage. Heat exchangers are generally shipped
empty, open drain plugs to remove any accumulaled condensation
moisture, then reseal. Accumulation of moisture usually Indicates
corrosion has already started and remedial action should be taken.

5) Store In a covered, environmentally stable area. The Ideal storage
environment for heat exchangers Is in a dry. low-humidly atmosphere
which is sealed to prevent the entry of blowing dust rain, or snow.
MaintainIn atmoiphedca temperatures between7O'Fand 105'F(t.arge
temperature swings may cause condensation and moisture to form
on steel components, threads, shell. etc...) Use thermometers and
humidity Indicators and maintain the atmosphere at 40% relative
humidity, or lower.

d) Standard Ename Coating: American Industrial provides Its standard
products with a normal base coat of oil base air cure enamel paint. The
enamel paint Is applied as a temporary protecve and esthetic coating
prior to shipment. While the standard enamel coating Is durable, American
Industrial does not warranly it as a long-term finish coating. t Is strongly
suggested that a more durable final coating be applied after Installation
or prior to long-term storage in a corrosive environment to cover any
accidental scratches, enhance esthetics, and futher prevent corrosion.
It Is the responsibilfty of the custoner to provide regular maintenance
against chips, scratches. etc... and regular touch up maintenance must
be provided for long-term benefits and corrosion prevention.

'
e) Special Coatings: American Industrial offers as customer options,
Ar-Dry Epoxy, and Heresite (Alt-Dry Phenoic) coatings at additonal
cost. American Industrial oflers special coatings upon request however
Amedcan Industdal does not warranty coalings to be a permanert totu-
flen for any equipment against corrosIon. It Is the responsIblity Ot the
cusl- " 'rtches.etc...
11A1111n -trn benelis
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CS & STC Series installation & mainter
46g) Plan the installation to meet the requirements idcaled on the piping

installation diagram as llustraled above. It Is recommended to put the
hot uldtobe cooledthroughtheshelsideandthecold uildthroughthe
tube side. The Indicated port assembly sequence In the diagram max-
mizes the performance, and minbmlzes the possiblity of thermal shock.
niinstances where the uldswe required to be reversed, hot zddin he
ftbesandcold uldki heshelthe heat exchangerwill workwith reduced
performance. Instalation may be vertical or horizontal or a combination
thereof. However, the installation must allow for complete draining of the
heat exchanger regardess ci single pass, two pass, or farpass construc-
Sm. Complete drainage Is Important to prevent the heat exchanger from
freezing, over-heating of a uld. or mineral deposit buildup.
For fixed butde heat exchangers, provide suffidientdearance at one end
to allow for the removal or replacement of tubes. On the opposite end,
provide enoughapace to allow removal of the complete bonnet to provide
sufficient clearance to permit tube rdting and deaning. Allow accessible
room for scheduled cleaning as needed. Include thermometer wels and
pressure gauge pfpe ports in piping to and from the heat exchanger lo-
cated as dose to the heat exchanger as possible. For more infonnatlon
please contact American industrial.

- h) It Is recommended to use exible hose wherever possible to reduce
vtbraon and alow slight movement. However, hoses are not required.
Hydraulic carrying Ines should be sized to handle the appropriate ow
and to meetsystem pressure drop requirements based upon the systems

. parameters, and not based upon the units supply and return connection
size. We recormend that a low cracking pressure direct acting relief
valve be Installed at the heat exchanger Iet to protect It from pressure
spikes by bypassing oll in the event the system experiences a high ow
surge. If preventative filtration Is used ft should be located ahead of the
cooler.on both shell and tube side to catch any scale or sludge Irom the
system before It enters the cooler. Failure to install ilters ahead of the
heat exchanger could lead to possible heat exchanger faiure due to high
pressure 0 the system fiters plug.

) Standard shel & tube coolers are built with a rolled tube-sheet con-
struction. However, the differential operating temperature between the
enteringshelside uldandtheentertngtbesIde uldshouldnotexceed
150F. It this condition exists, a severe thermal shock could occur leading
to product alilure and mixing of the uids. For applications with a differ-
ental temperatures of 150F or more, we recommend using a series with
a eating tube-sheelt u-tube, or expansion joint to reduce the potential
for the effects of thermal shock.

D Water requirements vary from location to location. f Ilhe source of codl-
ing wateris from other than armunicipal water supply, It is recomnended
that a water "riner be installed ahead of the heat exchanger to prevent
dirt and debris from entering and clogging the ow passages. I a water
modiafirg valve Is used it Is recommended to be Installed at the inlet to
the cooler to regulate the water ow.

k) For steam service, or other related applications, please consult or
engineering department for additional information.

Maintenance
a) nspect the heat exchangerforloosenedbolts, crnections, rust spots.
corrosinandforkternalorexemal tid leakage.Any orrodedsurfaces
should be cleaned and recoated with paint.

b) Shef side In many cases with deam hydratic system ols it will not
- be necessary to ush the kia w 0. .e* t a m-0-to .M- 

cumstances where the qual Attachment 9
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the particularmaterial of construction.With straight tube heat exchangers
you can use a rod to carefully push any debris out of the Mobes.

d) Zinc anodes are nornally used to reduce the risk of failure due to
electrolysis. Zinc anodes are a sacrificial component designed to wear
and dissolvs through normal use. Normly. zinc anodes are applied to tihe
watersupply side of the heat exchanger. Depenrding upon the amoun of
corrosive action, one, two, three, or more anodes can be appled to help
further reduce the risk of failure. Amedcan Industrial Heat Transfer, Inc.
offers zinc anodes as an option, tobe specified and Instaed at the request
ourcustomers. Itis the responsblltyof the customer toperodictay check
and verify the condition of the zinc anode and replace It as needod.

Applications vary due to water chemical makeup and quality, material
differences, temperature, ow rate, piping arrangement, and madine
grounding. For those reasons, zinc anodes do not follow any scheduled
lactory predetemined maintenance plan moreover they must be checked
routinely by the customer, and a maintenance plan developed based
upon the actual wear rate.

It substantial wear occurs or zic dissolves without replacement. pre-
miture faiure or permanent damage may occur to the heat exchanger.
American Industrial does riot warranty custoerne applications. iIs the re
sponsiblityof the customer to verify and apply the proper system materials
of construction and overall system requirements. Failures resutting from
property applied or misapplied use of zinc anode(s) into non-specified or
specified applications wil be the sole responsiblity of the customer.

a) A routino maintenance schedule should be developed and acusted to
meet your systems requirements based upon water quality, etc....Fail-
utre to regularly maintain end clean your heat exchanger can result in a
reduction in operational performance and ie expectancy.

Note: Since applications can vary substantialy, the Installation and
mainrenance Anformation contained In this catalog should be used as
a basic guldefine. The safe Installation, maintenance, and we of any
American Industrial Heat
responsib~lity of the user.

Transfer, Inc. heat exchanger are solely tre
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Figure l Subcontractor Calculation Review Checklist.

Page I of I

Subject: Off-Gas Chiller Calculation

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145570-V-CA-004 Rev. I

Analysis Performed By: AMEC

* Design Input
* Basic Assumptions
* Approach/Design Methodology
* Consistency with item or document supported by the calculation
* Conclusion/Results Interpretation

I Impact on existing requirements

Checker (printed name, signature, and date)

Thomas 11 Mav $'(/ C// 0o

Organizational Manager (printed name, signature and date)

David H Shufordd d /J / / c
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